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Description 

BACKGROUND OF THE INVEKTRON 

5 1 . Field of the Invention 

[0001] The present invention relates to novel polynudeotides derived from micrDorganisms belonging to coryneform 
bacteria and fragments thereof, polypeptides encoded by the polynucleotides and fragments thereof, polynucleotide 
arrays comprising the polynucleotides and fra^ents thereof, computer readable recording media in which the nucle- 
10 otide sequences of the polynucleotide and fra^nents thereof have been recorded, and use of them as well as a method 
of using the polynucleotide anchor polypeptide sequence infomiation to make comparisons. 

2. Brief Description of the Backgrourtd Art 

IS [0002] Coryneform bacteria are used in producing various useful substances, such as amino adds, nucleic adds, 
vitamins, saccharides (for example, ribulose), organic acids (for example, pyruvic add), and analogues of the at>ove- 
described substarKies (for example, N-acety)amino adds) and are very useful microorganisms industrially. Many mu- 
tants thereof are known. 

[0003] For example, Corynebacterium giutamicum is a Gram-positive bacterium identified as a glutamic add-pro- 
20 dudng bacterium, and many amino adds are produced by mutants thereof. For example, 1 .000,000 tprVyear of L- 
glutamic add which is useful as a seasoning for umami (delidous taste), 250.000 ton/year of L-lysine which is a valuable 
additive for livestodc feeds and the like, and several hundred ton/year or more of other amino adds, such as L-arginine, 
L-proline, L-glutamine. L4ryptophan, and the like, have been produced in the world {Nikkei Bio )/^rtxx)k99, published 
by Nikkei BP (1998)). 

25 [0004] The production of amino adds by Corynebacterium giutamk^um is mainly carried out by its mutants (metabolic 
mutants) which have a mutated metabolic pathway and regulatory systems. In general, an organism is provided with 
various metabolk: regulatory systems so as not to produce more amino adds than it needs. In the bk>synthesis of 
lysine, for example, a microorganism belonging to the genus Corynebacterium is under such regulation as preventing 
the excessive production by corxrerted inhibition by lysine and threonine against the activity of a biosynthesis enzyme 

30 common to lysine, threonine and methionine, i.e., an aspartokinase, {J. Biochem., 65: 849-859 (1969)). The biosyn- 
thesis of arginine is controlled by repressing the expression of its bk>synthesis gene by arginine so as not to biosyn- 
thesize an excessive amount of arginine {Microbiok>gy, 142'. 99-108 (1996)). It is considered that these metabolc 
regulatory mechanisms are deregulated In amino add-producing mutants. Similarly, the metabolic regulation is dereg- 
ulated in mutants produdng nucleic adds, vitamins, saccharides, organic adds and analogues of the above-described 

35 substances so as to improve the productivity of the objective product. 

[0005] However, accumulation of bask: genetic, biochemical and molecular biok>gicai data on coryneform bacteria 
is insufficient in comparison with Escherichia coii, BaciUus subtUis, and the tike. Also, few findings have been obtained 
on mutated genes in amino add-producing mutants. Thus, there are various mechanisms. whk:h are still unknown, of 
regulating the growth and metabolism of these microorganisms. 

40 [0006] A chromosomal physical map of Corynebacterium giutamicum ATCC 13032 is reported and it is known that 
its genome size is about 3,1 00 kb {Moi. Gen. Genet, 252: 255-265 (1 996)). Calculating on the basis of the usual gene 
density of bacteria, it is presumed that at>out 3,000 genes are present in this genome of about 3,1 00 kb. However, only 
about 100 genes mainly concerning amino add bk>synthesis genes are known in Corynebacterium giutamicum, and 
the nucleotide sequences of most genes have not been darified hitherto. 
[~^T In rif-n1, iiii .rn f ii Tf iii ' i " ' | "' j ' J 

CO//. Mycobacterium tuberculosis, yeast, and the like, have been determined {Science, 277: 1453-62 (1997); Nature, 
393^. 537-544 (1 998); Nature, 387. 5-1 05 (1 997)). Based on the thus determined full nudeotide sequences, assumption 
of gene regions and prediction of their function by comparison with the nucleotide sequences of known genes have 
been carried out. Thus, the functions of a great number of genes have been presumed, without genetic, biochemrcal 

so or molecular biological experiments. 

[0008] In recent years, moreover, techniques for rTK>nitonng expression levels of a great number of genes simulta- 
neously or detecting mutations, using DNA chips, DNA arrays or the like in which a partial nudec acid fragment of a 
gene or a partial nuciek: add fragment in genomic DNA other than a gene is fixed to a solid support, have been 
developed. The techniques contribute to the analysis of microorganisms, such as yeasts, Mycobacterium tuberculosis, 

ss Mycobacterium bcMS used in BCG vaccines, and the like (Sder^, 27&. 680-686 (1 997); Proc. Natl. Acad. Sd. USA, 
9e. 12833-38 (1999); Science, 284: 1520-23 (1999)). 
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SUMMARY OF THE INVENTION 

[0009] An object of the pfesent invention is to provide a porynudeotide and a polypeptide derived from a microor- 
ganiOT of coryneform bacteria which are industriairy useful, sequence information of the polynucieotide and the 
5 porypeptide, a method for anatyzing the microorganism, an apparatus and a system for use in tt>e analysis, afxl a 
method for breeding the microorganism. 

[0010] The present invention provides a polynucleotide and an oiigonudeotide dertved from a microorganism be- 
longing to coryneform bacteria, oligonudeotide an^ys to which the polynucleotides and the oligonudeotides are fixed, 
a polypeptide encoded by the polynucieotide. an antibody which recognizes the polypeptide, polypeptide an^ys to 
10 which the polypeptides or tt>e anttoodies are fbced, a computer readable recording nDedium in which the nucleotide 
sequences of the polynucteotJde and the ofigonucteotide and the amino add sequence of the polypeptide have been 
recorded, and a system t>ased on the computer using the recording medium as well as a method of using the polynu- 
deotide ancVor polypeptide sequence information to make comparisons. 

15 BRIEF DESCRIPTION OF THE DRAWING 

[0011] Fig. 1 is a rr>ap showing the positions of typical genes on the genome of Corynebacterium gtutamicum ATCC 
13032. 

[0012] Fig. 2 is electrophoresis showing the results of proteome analyses using proteins derived from (A) Coryne- 
20 bacterium gMamicum ATCC 13032. (B) FERM BP-7134. and (C) FERM BP-1 58, 

[0013] Fig. 3 is a flow chart of an example of a system using the computer readable media according to the present 
invention. 

[0014] Fig. 4 is a flow chart of an example of a system using the computer readable media according to the present 

invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] This application is based on Japanese applications No. Hei. 11-377484 filed on December 16, 1999, No. 
2000-159162 filed on April 7, 2000 and No. 2000-280988 filed on August 3, 2000, the entire contents of which are 

30 Incorporated hereinto by reference. 

[0016] From the viewpoint that the determination of the full nucleotide sequence of Corynebacterium gtutamicum 
would make it possible to specify gene regions which had not been previously identified, to detemiine the function of 
an unknown gene derived from the microorganism through comparison with nucleotide sequences of known genes 
and amino acid sequences of known genes, and to obtain a useful mutant based on the presumption of the metabolc 

35 regulatory mechanism of a useful product t>y the microorganism, the inventors conducted intensive studies and, as a 
result, found that the complete genome sequence of Corynebacterium gtutamicum can be determined by applying the 
whole genome shotgun method. 

[0017] Specif cally, the present invention relates to the following (1 ) to (65): 
40 (1 ) A method for at least one of the following: 

(A) identifying a mutation point of a gene derived from a mutant of a coryneform bactenum, 

(B) measuring an expression amount of a gene derived from a coryneform bacterium, 

(C) analyzing an expression profile of a gene derived from a coryneform bacterium, 
t t { B ) u i iulit i i i y tiip i u aBWWFytlBww^^^wi^ Uui ii ud hum u uu i jiiufu i m Uuulu i ium. u i 

(E) identifying a gene homologous to a gene derived from a coryneform bacterium, 
said method comprising: 

(a) producing a polynucleotkJe an-ay by adhering to a solid support at least two polynucleotides selected 
50 from the group consisting of first polynucleotides compnsing the nucleotide sequence represented by any 

one of SEQ ID NOS:1 to 3501 , second polynucleotides which hybndize with the first polynucleotides under 
stringent conditions, and third polynucleotkjes comprising a sequence of 10 to 200 continuous bases of 
the first or second polynucleotides. 

(b) incubating the polynucleotide an^y with at least one of a labeled polynucleotide derived from a co- 
55 ryneform bacterium, a labeled polynucleotkje derived from a mutant of the coryneform bacterium or a 

labeled polynucleotide to be examined, under hybridization conditions, 

(c) detecting any hybridization, and 

(d) analyzing the result of the hybridization. 
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As used herein, for exarrple. the at least two polynucleotides can be at least two of the first polynu- 
cteotides, at least two of the second porynucleotides, at least two of the third polynucleotides, or at least 
two of the first, second and third pohmudeotides. 

(2) The method according to (1). wherein the coryneform bacterium is a microorganism belonging to the genus 
Corynebactemm, the genus Brev&)actenum, or the genus MicrobactBrium, 

(3) The method according to (2), wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium giutamicum, Coryryebacterrum acetoacfdophilum, Corynebacterium 
acetogtutamicum, Corynebacterium caOunae, Corynebacterium hercuiis, Corynebacterium likum, Corynebacteri- 
um mdasseoola, Corynebacterium thermoaminogenes, and Corynebacterium ammoruagene&. 

(4) The method according to (1 ), wherein the polynucleotide derived from a corynefomi bacterium, the polynuce- 
lotide derived from a mutant of the corynefomi bacterium or the polynucleotide to be examined is a gene relating 
to the biosynthesis of at least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, 
an organic acid, and analogues thereof. 

(5) The method according to (1 ). wherein the polynucleotide to be examined is derived from Escherichia coiL 

(6) A polynucleotide array, comprising: 

at least two polynucleotides selected from the group consisting of first poJy nucleotides comprising the nucle- 
otide sequence represented by any one of SEQ ID NOS:1 to 3501 . second polynucleotides which hybridize 
with the first polynucleotides under stringent conditions, and third polynucleotides comprising 10 to 200 con- 
tinuous bases of the first or second polynucleotides, and 
a solid support adhered thereto. 

As used herein, for example, the at least two polynucleotides can be at least two of the first polynucleotides, 
at least two of the second polynucleotides, at least two of tiie third polynucleotides, or at least two of the first, 
second and third polynucleotides. 

(7) A polynucleotide comprising the nucleotide sequence represented by SEQ ID NO:1 or a polynucleotide having 
a homology of at least 80% with the polynucleotide. 

(8) A polynucleotide comprising any one of the nucleotide sequences represented by SEQ ID NOS:2 to 3431 . or 
a polynucleotide which hybridizes with the polynucleotide under stringent conditions. 

(9) A polynucleotide encoding a polypeptide having any one of the amino acid sequences represented by SEQ ID 
NOS:3602 to 6931 , or a polynucleotide which hybridizes therewith under stringent conditions. 

(10) A polynucleotide which is present in the 5* upstream or 3' downstream of a polynucleotide comprising the 
nucleotide sequence of any one of SEQ ID NOS:2 to 3431 in a whole polynucleotide comprising the nucleotide 
sequence represented by SEQ ID NO:1 . and has an activity of regulating an expression of the polynucleotide. 

(11) A polynucleotide comprising 10 to 200 continuous bases in the nucleotide sequence of the polynucleotide of 
any one of (7) to (1 0), or a polynucleotide comprising a nucleotide sequence complementary to the polynucleotide 
comprising 1 0 to 200 continuous based. 

(12) A recombinant DNA comprising the polynucleotide of any one of (8) to (11). 

(13) A transformant comprising the polynucleotide of any one of (8) to (11 ) or the recombinant DNA of (12). 

(14) A method for producing a polypeptide, comprising: 

culturing the transformant of (13) in a medium to produce and accumulate a polypeptide encoded by the 

polynucleotideoy^ 

^^^"^^^"■^T^Bvemi^W^polypepBB^ronrTR^?!^ 

(15) A method for producing at least one of an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, 
and analogues thereof, comprising: 

so culturing the transformant of (13) in a medium to produce and accumulate at least one of an amino acid, a 

nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof in the medium, and 
recovering the at least one of the amino acid, the nucleic acid, the vitamin, the saccharide, the organic acid, 
and analogues thereof from the medium. 

ss (1 6) A polypeptide erK:oded by a polynucleotide comprising the nucleotide sequence selected from SEQ ID NOS: 

2 to 3431 . 

(1 7) A polypeptide comprising the amino acid sequence selected from SEQ ID NOS 3502 to 6931 

(18) The polypeptide according to (16) or (17), wherein at least one amino acid is deleted, replaced, inserted or 
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added, said polypeptides having an activity which is substantially the same as that of the polypeptide without said 
at least one amino acid deleton, replacement, insertion or addition. 

(19) A polypeptide comprising an amino acid sequence having a homology of at least 60% wtth the amino acid 
sequence of the polypeptide of (16) or (17). and having an activity which is sutistantially the same as that of the 

5 polypeptide. 

(20) An antibody *^ich recognizes the polypeptide of any one of (1 6) to (1 9). 

(21) A polypeptide array, comprising: 

at least one polypeptide or partial fragment polypeptide selected from the polypeptides of (16) to (19) and 
10 partial fragment polypeptides of the polypeptides, and 

a solid support adhered thereto. 



(22) A polypeptide array, comprising: 

15 at least one antit>ody which recognizes a polypeptide or partial fragment polypeptide selected from the polypep- 

tides of (1 6) to (1 9) and partial fragment polypeptides of the polypeptides, and 
a solid support adhered thereto. 

(23) A system based on a computer for identifying a target sequence or a target structure motif derived from a 
20 coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:1 
to 3501 , and target sequerx:» or target structure motif information; 

(il) a data storage device for at least temporarily storing the input Information; 
2S (iii) a comparator that compares the at least one nudeotlde sequence infomaation selected from SEQ ID NOS: 

1 to 3501 with the target sequence or target structure motif infomiation, recorded by the data storage device 
for screening and analyzing nucleotide sequence infomiation which is coincident with or analogous to the 
target sequence or target structure motif infomnation; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator 

30 

(24) A method based on a computer for identifying a target sequence or a target structure motif derived from a 
corynefonn bacterium, comprising the following: 

(1) inputting at least one nucleotide sequence infonnation selected from SEQ ID NOS:1 to 3501 . target se- 
35 quence information or target structure motif information into a user input device; 

(it) at least temporarily storing said infomiation; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501 with 
the target sequence or target structure nriotif information; and 

(iv) screening and analyzing nucieotide sequence information which is coincident with or analogous to the 
40 target sequerice or target structure motif information. 

(25) A system t>ased on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacterium, comprising the following: 

lif UmiHUUII JLlLLlLJ hum OCQ I D HOOi 
3502 to 7001 , and target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one amino add sequence information selected from SEQ ID NOS: 
3502 to 7001 with the target sequence or target structure motif information, recorded by the data storage 

so device for screening and analyzing amino add sequence information which is coincident with or analogous to 

the target sequerx^e or target structure rTK>tif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 

(26) A rriethod based on a computer for identifying a target sequence or a target structure motif derived from a 
55 coryneform bacterium, comprising the following: 

(i) inputting at least one amino add sequence infomnation selected from SEQ ID NOS:3502 to 7001 , and target 
sequence inforrrwition or target structure motif information into a user input device; 
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(i) at least temporarily storing said information; 

(ii) comparing the at least or>e amino add sequence infomiation selected from SEQ ID NOS:3502 to 7001 
Witt) the target sequence or target structure nrK>tir information; and 

(rv) screening and analyzing amino acid sequence information which is coincident with or analogous to the 
5 target sequerice or target structure motif information. 

(27) A system based on a computer for determining a function of a polypeptide encoded by a polynucleotide having 
a target nucleotide sequence derived from a corynefonn bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:2 
to 3501 . function infonnation of a polypeptide encoded by the nucleotide sequence, and target nucleotide 
sequence information; 

(ii) a data storage device for at \easX temporarily storing the input infornnation; 

(ill) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 
2 to 3501 with the target nucleotide sequence information, and determining a function of a polypeptide encoded 
by a polynucleotide having the target nucleotide sequence which is coincident with or analogous to the poly- 
nucleotide having at least one nucleotide sequence selected from SEQ ID NOS2 to 3501 ; and 
(rv) an output devices that shows a function obtained by the comparator. 

20 (28) A method based on a computer for determining a function of a polypeptide encoded by a polypeptide encoded 

by a polynucleotide having a target nucleotide sequeru^e derived from a coryneform bacterium, comprising the 
following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS2 to 3501 , function in- 
formation of a polypeptide encoded by the nucleotide sequence, and target nucleotide sequence information; 
(it) at least temporarily storing said information; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 with 
the target nucleotide sequence information; and 

(fv) determining a function of a polypeptide encoded by a polynucleotide having the target nucleotide sequence 
which is coincident with or analogous to the polynucleotide having at least one nucleotide sequence selected 
from SEQ ID NOS:2 to 3501 . 

(29) A system t>ased on a computer for determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one amino acid sequence infonriation selected from SEQ ID NOS: 
3502 to 7001 , fur>ction Infonnation based on tiie amino acid sequence, and target amino add sequence infor- 
mation; 

(ii) a data storing device for at least temporarily storing the input information; 

(iii) acorrparatorthat compares the at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 with the target amino acid sequence information for determining a function of a polypeptide 
having the target amino acid sequence which is coincident with or analogous to the polypeptide having at least 
one amino acid sequence selected from SEQ ID NOS:3502 to 7001 ; and 
(rv) an output device that shows a furiction obtained by the comparator 

(30) A method based on a computerfor determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

(I) inputting at least one amino acid sequence infonnation selected from SEQ ID NOS:3502 to 7001 , function 
so information based on the amino acid sequerKre. and target amino acid sequence information; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one amino add sequence information selected from SEQ ID NOS:3502 to 7001 
with the target amino acid sequence information; and 

(iv) determining a function of a polypeptide having the target amino acid sequence which is coincident with or 
S5 analogous to the polypeptide having at least one amino acid sequerv^ selected from SEQ ID NOS:3502 to 

7001. 

(31) The system according to any one of (23). (25). (27) and (29). wherein a coryneform bacterium is a microor- 
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ganism of the genus CorynebacteriunK the genus Bre^nbacterium, or the genus MicwbactBriunt 

(32) The method according to any one of (24). (26), (28) and (30), wherein a coryneform bacterium is a microor- 
ganism of the genua Corynebactehum, the genus Brevbacierium, or the genus MicrobadefiunL 

(33) The system according to (31 ), wherein the microorganism t>ek>nging to the genus Co/ynatecfefKjm is selected 
from the group consisting of Corynebactehum glutamicum, Corynebadenum aoeioacktophilum, Corynebactertum 
aceiogiutamicum, corynebactehum caMunae, corynebadenum hercuiis, Corynebactehum Uium, Corynebactehum 
metossecoia, Corynebacterkjm tbermoaminogenes, and Corynebacterkim ammoniagenes. 

(34) The method according to (32), wherein the microorganism belonging to the genus Corynebactehum is selected 
from the group consisting of Corynebactehum giutamicum, Corynebactehum aoetoaddoptylum, Corynebactehum 
acetoglutamicum. Corynebacterfum caOunae, Corynebactehum hercufis, Corynebactehum liSum, Corynebacteri- 
um meiassecoia, Corynebacterkim ttiermoaminogenes, and Coryr^ebacterium ammoniager^es. 

(35) A recording medium or storage device which is readable by a computer in which at least one nucleotide 
sequerK:e infonnation selected from SEQ ID NOS:1 to 3501 or function information based on the nucleotide se- 
quence is recorded, and is usable in the system of (23) or (27) or the method of (24) or (28). 

(36) A recording medium or storage device which is readable by a computer in which at least one amino acid 
sequence information selected from SEQ ID NOS:3502 to 7001 or function infonnation based on the amino acid 
sequence is recorded, and is usable in the system of (25) or (29) or the method of (26) or (30). 

(37) The recording medium or storage device according to 

(35) or (36), which is a computer readable recording medium selected from the group consisting of a floppy disc, 
a hard disc, a magnetic tape, a random access memory (RAM), a read only memory (ROM), a magneto-optic disc 
(MO), CD-ROM, CD-R. CD-RW. DVD-ROM, DVD-RAM and DVD-RW. 

(38) A polypeptide having a homoserine dehydrogenase activity, comprising an amino add sequence in which the 
Val residue at the 59th in the amino acid sequerK:e of homosenne dehydrogenase derived from a coryneform 
bacterium is replaced with an amino acid residue other than a Val residue. 

(39) A polypeptide comprising an amino acid sequence in which the Val residue at the 59th position in the amino 
acid sequence as represented by SEQ ID NO:6952 is replaced with an amino acid residue other than a Val residue. 

(40) The polypeptide according to (38) or (39), wherein the Val residue at the 59th position is replaced with em Ala 
residue. 

(41) A polypeptide having pyruvate carboxylase activity, comprising an amino acid sequence in which the Pro 
residue at the 458th position in the amino add sequence of pyruvate carboxylase derived from a coryneform 
bacterium is replaced with an amino acid residue other than a Pro residue. 

(42) A polypeptide comprising an amino add sequence in which the Pro residue at the 45Bth position in the amino 
acid sequence represented by SEQ ID NO:4265 is replaced with an amino acid residue other than a Pro residue. 

(43) The polypeptide according to (41 ) or (42), wherein the Pro residue at the 458th position is replaced with a Ser 
residue. 

(44) The polypeptide according to any one of (38) to (43), which is derived from Corynebactehum ghitamicum, 

(45) A DNA encoding the polypeptide of any one of (38) to (44). 

(46) A recombinant DNA comprising the DNA of (45). 

(47) A transformant comprising the reconrrbinant DNA of (46). 

(48) A transformant comprising in its chromosonr>e the DNA of (45). 

(49) The transformant according to (47) or (46), which is derived from a coryneform bacterium. 

(50) The transformant according to (49), which is derived from Corynebacterfum glutamicum. 

(51) A method for produdng L-lysine, comprising: 

^.U,.^^^ > * ♦ ^# f ^4-7^ *^ ^Cn^ r> r»^rfi..». f» »r»H..»^ n,rf n«,M^Mlnf 1 h»i.. i. ih ■ 

medium, and 

recovering the L-lysine from the culture. 

(52) A nnethod for breeding a coryneform bacterium using the nucleotide sequence information represented by 
SEQ ID NOS:1 to 3431 , comprising the following: 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a coryneform bacte- 
rium which has been subjected to mutation breeding so as to produce at least one compound selected from 
an amino acid, a nudeic acid, a vitamin, a saccharide, an organic add, and analogous thereof by aferTT>entation 
method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431; 

(ii) identifying a mutation point present in the production strain based on a result obtained by (i); 

(iii) introducing the mutation point into a coryneform bacterium which is free of the mutation point; and 

(iv) examining productivity by the fermentation method of the compound selected in (I) of the coryneform 
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bacterium obtained in (iiO- 

(53) The method according to (52), wtierein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
a signal transmission pathway. 

5 (54) The nr>ethod according to (52), wherein the mutation point is a mutation point relating to a useful nrwjtation 

which rnproves or stabilizes the productivty. 

(55) A method for breading a corynefomi bacterium using the nucleotide sequef>ce jnfomnation represented t>y 
SEQ ID NOS:1 to 3431 . comprising: 

10 (i) conY>aring a nucleotide sequence of a genome or gene of a production strain derived a coryneform t>acte- 

rium which has been subjected to mutation breeding so as to produce at least one compound selected from 
an ami no acid, an udeic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a fermentation 
method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; 
(B) identifying a mutation point presem in the production strain based on a resurt obtain by (i); 

15 (Hi) deleting a mutation point from a coryneform bacterium having the mutation point; and 

(fv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
bacterium obtained In (iii). 

(56) The method according to (55), wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
so a signal trar^misslon pathway. 

(57) The method according to (55). wherein the mutation point is a mutation point which decreases or destabilizes 
the productivity. 

(58) A method for breeding a coryneform bacterium using the nucleotide sequence information represented by 
SEQ ID NOS:2 to 3431 , comprising the following: 

25 

(i) Identifying an isozyme relating to biosynthesis of at least one compound selected from an amino acid, a 
nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof, based on the nucleotide se- 
quence Information represented by SEQ ID NOS:2 to 3431 ; 

(il) classifying the isozyme Identified In (I) Into an isozyme having the same activity; 
30 (iii) mutating all genes encoding the isozyme having the same activity simultaneously; and 

(iv) examining productivity by a fermentation method of the compound selected In (i) of the corynefonm bac- 
terium which have fc>een transformed with the gene obtained in (iiO 

(59) A method for breeding a coryneform bacterium using the nucleotide sequence information represented by 
35 SEQ ID NOS:2 to 3431 , comprising the following: 

(i) ananging a function information of an open reading frame (ORF) represented by SEQ ID NOS:2 to 3431 ; 

(ii) allowing the arranged ORF to correspond to an enzyme on a known biosynthesis or signal transmission 
pathway; 

40 (it!) explicating an unknown biosynthesis pathway or signal transmission pathway of a coryneform bacterium 

in combination with information relating known biosynthesis pathway or signal transmission pathway of a co- 
ryneform bacterium; 

(rv) comparing the pathway explk:ated in (lit) with a biosynthesis pathway of a target useful product; emd 

(v) transgenetically varying a coryneform bcKterium based on the nucleotide sequence information to either 

^ itf^ftgmin fl pm n wyy wml ' m r> juuyyu lu w imiJu i Lfli i i m u i uj yii i ii LJij ui u i l lu i yui uuuiu i Milium i n (i i ) ■! 

weaken a pathway which is judged not to be important in the biosynthesis of the target useful product in (iv). 

(60) A corynefonn bacterium, bred by the method of any one of (52) to (59). 

(61) The coryneform bacterium according to (60), whch is a mcroorganism belonging to the genus Corynebac- 
50 terium, the genus Bre^ibactehum, or the genus Microbacterium. 

(62) The coryneform bacterium according to (61 ). wherein the microorganism belonging to the genus Corynebac- 
tehum is selected from the group consisting of Corynebacterium gtutamicum, Corynebacterium aoetoaddophi/um, 
Corynebacterium acetoghjtamicum, Corynebacterium cafiunae, Corynebacterium hercults. Corynebacterium Hh 
ium, Corynebacterium rr^assecota, Corynebacterium thermoaminogenes, and Corynet>acterium ammoniager^es, 

ss (63) A method for producing at least one compound selected from an ammo acid, a nucleic acid, a vitamin, a 

saccharide, an organc ackj and an anak>gue thereof, comprising: 

culturing a coryneform bacterium of any one of (60) to (62) in a medium to produce and accumulate at least 
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one conpound selected from an amino acid, a nucleic acid, a vttamin, a saccharide, an organic acid, and 
analogues thereof; 

recovering the compound from the culture. 

5 (64) The method aocordtng to (63). wherein the compound is L-^ysine. 

(65) A method for identifying a protein relating to useful mutation based on proteome analysis, comprising the 
following: 



(I) preparing 

10 

a protein derived from a bacterium of a production strain of a coryneform bacterium which has t>een sub- 
jected to mutation breeding by a femnentation process so as to produce at least orte compound selected 
from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof, and 
a protein derived from a bacterium of a parent strain of the production strain; 

15 

(ii) separating the proteins prepared in (i) by two dinr>ensional electrophoresis; 

(iii) detecting the separated proteins, and comparing an expression amount of the protein derived from the 
production strain with that derived from the parent strain; 

(rv) treating the protein showing different expression amounts as a result of the comparison with a peptidase 
20 to extract peptide fragments; 

(v) analyzing amino acid sequences of the peptide fragments obtained in (iv); and 

(vi) comparing the amino acid sequences obtained in (v) with the amino acid sequence represented by SEQ 
ID NOS:3502 to 7001 to identifying the protein having the amino acid sequences. 



25 As used herein, the term "proteome'. vvhich is a coined word by combining "protein" with "genome", refers to 

a method for examining of a gene at the polypeptide level. 

(66) The method according to (65), wherein the corynefonm bacterium is a microorganism belonging to the genus 
Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

(67) The method according to (66), wherein the microorganism belonging to the genus Corynebaciehum is selected 
30 from the group consisting of Corynebacterium gfutamicum, Corynebacterium acetoacidophUum, Corynebacterium 

acetogtutamicum, Corynebacterium caOunae, corynebacterium hercuUs, Corynebacterium iUium Corynebacterium 
melassecoia, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagerws. 

(68) A biologically pure culture of Corynebacterium giutamicum AHP-3 (PERM BP-7382). 

35 [001 8] The present invention will be descrft>ed below in more detail , based on the determination of the full nucleotide 
sequence of coryneform t>acteria. 



1 . Detemiination of full nucleotide sequence of coryneform bacteria 



40 [00191 ^^'Tn "coryneform bacteria" as used herein means a microorganism belonging to the genus Corynebac- 
terium, the genus Brevibacterhim or the genus Microbacterium as defined in Bergeys Manual of Determirtatrve Bacte- 
riotogy, ft 599 (1974). 

[0020] Examples include Corynebacterium acetoaddophifum, Corynebacterium acetoghJtamicum, Corynebacterium 

45 secola, Corynebacterium thermoaminogenes, Brevibacterium saccharotyticum, Brevibacterium mrnan^fmSm^fl^r 
bacterium roseum, Brevibacterium thiogenitalis, Microbacterium ammoniaphitum, and the like 

[0021 ] Specific examples include Corynebacterium acetoacidophilum ATCC 13870. Corynebacterium acetoglutami- 
cum AJCC 15806, Corynebacterium caHunae ATCC 15991, Corynebacterium giutamicum 00 13032, Corynebac- 
terium giutamicum ATCC 1 3060, Corynebacterium giutamicum ATCC 1 3826 (prior genus and species: Brevibacterium 

50 navum, or Coryrwbacterium lactofermentuml Corynebacterium giutamicum ATCC 14020 (prior genus and species: 
Brevibacterium divaricatum), Corynebacterium gkitamicum ATCC 13869 (prior genus and species: Brevibacterium 
lactolermentum), Corynebacterium hercuHs ATCC 13868. Corynebacterium lilium ATCC 15990. Corynebacterium 
meiassecola ATCC 1 7965, Corynebacterium thermoarrvryoger^ PERM 9244, Brevibacterium saccharotyticum ATCC 
14066, Brevibacterium immariophHum ATCC 14068. Brevibacterium roseum ATCC 1 3825. Brevit^acterium thiogenitaJis 

55 ATCC 19240. Microbacterium amrrxfrvaphilum ATCC 15354. and the like. 
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(1) Preparation of genome DNA ol corynefonm bacteria 

[0022] Coryneform bacteria can be cultured by a conventional nr>ettiod, 

[00231 Any of a natural me<fium and a synthetic medium can be used, so tong as it is a medium surtable tor efficient 
5 culturing of tt>e microorganism, and It contains a carbon source, a nitrogen source, an inorganic salt af>d t^e like whlc*i 
can be assimilated by the microorganism. 

[0024] In Corynebacterium glutamicum, for example, a BY medium (7 gfl meal extract, 1 0 gfl peptone. 3 g^ sodium 
chloride. 5 g/l yeast extract, pH 7.2) containing 1 % of glycine and the like can k>e used. The ojlluring is carried out at 
26 to 35*C overnight. 

10 [0025] After the completion of the culture, the cells are recovered from the culture by centrifugation. The resulting 
cells are washed with a washing solution. 

[0026] Examples of the washing solution include STE buffer (1 0.3% sucrose, 25 mmoM Tris hydrochtoride, 25 mmoV 
I ethylenediaminetetraacetic acxJ (hereinafter referred to as 'EDTA'). pH 8.0). and the like. 

[0027] Genome DNA can be obtained from the washed cells according to a conventk>nal mettKXl for obtaining ge- 
15 nome DNA. namely, lysing the cell wall of the cells using a lysozyme and a surfactant (SDS, etc.), eliminating proteins 
and the like using a phenol solutk>n and a phenol/ch to reform solution, and then precipitating the genome DNA with 
ethanol or the like. Specifk^lly, the following method can be illustrated. 

[0028] The washed cells are suspended in a washing solution containing 5 to 20 mg/1 lysozyme. After shaking, 5 to 
20% SDS is added to lyse the cells. In usual, shaking is gently performed at 26 to 40^C for 30 minutes to 2 hours. After 
20 shaking, the suspensk>n is maintained at 60 to 70^ for 5 to 15 minutes for the lysis. 

[0029] After the lysis, the suspensk>n is cooled to ordinary temperature, and 6 to 20 ml of Tris- neutralized phenol is 
added thereto, followed by gently shaking at room temperature for 1 5 to 45 minutes. 

[0030] After shaking, centrifugation (16.000 x g, 20 minutes, 20*C) is carried out to fractionate the aqueous layer. 
[0031 1 After performing extraction with phenol/chloroform and extraction with chloroform (twee) in the same manner. 

25 3 mol/l sodium acetate solution (pH 5.2) and isopropanol are added to the aqueous layer at 1/10 times volume and 2 
times volume, of the aqueous layer, respectively, followed by gently stimng to precipitate the genome DNA. 
[0032] The genome DNA is dissolved again in a buffer containing 0.01 to 0.04 mg/ml RNase. As an example of the 
buffer, TE buffer (10 mmolO Tris hydrochloride, 1 mol/l EDTA. pH 8.0) can be used. After dissolving, the resultant 
solution is maintained at 25 to 40*C for 20 to 50 minutes and then extracted successively with phenol, phenol/chloroform 

30 and chloroform as in the above case. 

[0033] After the extraction, isopropanol precipitation is earned out and the resulting DNA precipitete is washed with 
70% ethanol. followed t>y air drying, and then dissolved in TE buffer to obtain a genome DNA solution. 

(2) Production of shotgun Iferary 

35 

[0034] A method for produce a genome DNA library using the genome DNA of the corynefomi bacteria prepared in 
the above (1 ) include a method described in Motocular Cloning, A laboratory Manual, Second Edition (1 989) (hereinafter 
ref en-ed to as V^otecuiar Cloning, 2nd ed.") . In partk:ular, the following method can be exemplified to prepare a genome 
DNA library appropriately usable in detemining the full nucleotide sequence by the shotgun method. 
40 [0035] To 0.01 mg of the genonrie DNA of the coryneform bacteria prepared In the at>ove (1 ) , a buffer, such as TE 
buffer or the like, is added to give a total volume of 0.4 ml. Then, the genome DNA is digested into fragments of 1 to 
10 kb with a sonicator (Yamato Powersonic Model 50). The treatment with the sonicator Is performed at an output of 
20 continuously for 5 seconds. 

r00361 The resulting genome DNA fragments are blunt-ended using DNA blunting kit (manufactured by Takara Shuzo) 
45 or the like. 

[0037] The blunt-ended genome fragments are fractionated by agarose gel or polyacrylamide gel electrophoresis 
and genome fragments of 1 to 2 kb are cut out from the gel. 

[0038] To the gel, 0.2 to 0.5 ml of a buffer for eluting DNA. such as MG elution buffer (0.5 mol/1 ammonium acetate, 
10 mmol/l magnesium acetate, 1 mmol/l EDTA, 0.1% SDS) or the like, Is added, followed by shaking at 25 to 40»C 
so overnight to elute DNA. 

[0039] The resulting DNA eluate is treated with phenol/chloroform and then precipitated with ethanol to obtain a 

genome library insert. 

[0040] This insert is ligated into a surtable vector, such as pUCI 8 Smal/SAP (manufactured by Amersham Pharmacia 
Biotech) or the like, using T4 ligase (manufactured by Takara Shuzo) or the like. The ligation can be carried out by 
ss alk>wing a mixture to stand at 1 0 to 20*C for 20 to 50 hours 

[0041] The resulting ligation product ts precipitated with ethanol and dissolved In 5 to 20 ^iJ of TE buffer. 

[0042] Escherichia coli b transfom>ed in accordance with a conventional method using 0.5 to 2 ^iJ of the ligation 

solutk>n. Examples of the transformation nnethod include the electroporation method using ELECTRO MAX DHIOB 
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(manufactured by Ufe Technologies) for Escherichia coii. The electroporation method can be earned out under the 
condrtions as descnbed in the manufacturer's instmctions. 

[0043] The transf omied Escherichia cot is spread on a suitable selection medium containing agar, for example. LB 
plate medium containing 10 to 100 m^ ampidBin (LB medium (10 g^ bactotrypton, 5 gn yeast extract, 10 g/l sodium 
5 chloride. pH 7.0) containing 1 .6% of agar) when pUCI 8 is used as the doning vector, and cultured therein. 

[0044] The transformant can t>e obtained as colonies formed on the plate medium. In this step, it is possible to select 
the transformant having the recombinant DNA containing the genome DNA as white colonies by adding X-gaJ and 
IFTG (isopropyt-p-thiogalactopyranoside) to the plate medium. 

[0045] The transformant is allowed to stand for cutturing in a 96-well titer plate to which 0 05 ml of the LB medium 
10 containing 0.1 mg/ml of ampicillin has been added in each well. The resulting culture can k>e used in an experiment of 
(4) descnbed below. Also, the culture solution can be stored at -80*C by adding 0.05 ml per wed of the LB medium 
containing 20% glycerol to the culture solution, followed by mixing, and the stored culture solution can be used at any 
time. 

15 (3) Production of cosmid Ifcrary 

[0046] The genome DNA (0.1 mg) of the coryneform bacteria prepared in the above (1 ) is partially digested with a 
restriction enzyn^e, such as SauSAI or the like, and then ultracentrrfuged (26,000 rpm, 18 hours, 20*C) under a 10 to 
40% sucrose density gradient using a 1 0% sucrose buffer (1 mol/1 Nad, 20 mmol/! Tris hydrochloride, 5 mmol/l EDTA. 
20 10% sucrose. pH 8.0) and a 40% sucrose buffer (elevating the concentration of the 10% sucrose buffer to 40%). 

[0047] After the centnfugation, the thus separated solution is fractionated into tut>es in 1 ml per each tube. After 
confirming the DNA fragment size of each fraction by agarose gel electrophoresis, a fraction rich in DNA fragments of 
about 40 kb is predprtated with ethanol. 

[0048] The resulting DNA fragnr>ent is ligated to a cosmkj vector having a cohesive end which can be ligated to the 
25 fragment. When the genome DNA is partially digested with Sau3AI, the partially digested product can be ligated to, 
for example, the SamHI site of superCosI (manufactured by Stratagene) in accordance with the manufacture's instruc- 
tior^. 

[0049] The resulting ligation product is packaged using a packaging extract which can be prepared by a method 
described in Molecular CkHW^g, 2nd ed. and then used in transfonning Escherichia colL More spedfcally. the ligation 
30 product is packaged using, for example, a commercially available packaging extract, Gigapack III Gokj Packaging 
Extract (manufactured t3y Stratagene) in accordance with the manufacture's instructions and then introduced into Es- 
cherichia co//XL-1-BlueMR (manufactured by Stratagene) or the like. 

[0050] The thus transformed Escherichia coH is spread on an LB plate medium containing ampicillin, and cultured 
therein. 

35 [0051] The transformant can be obtained as colonies formed on the plate medium. 

[0052] The transformant is subjected to standing culture in a 96-well titer plate to which 0.05 ml of the LB medium 
containing 0.1 mgfm\ ampk:tllin has t>een added. 

[0053] The resulting culture can be employed in an experiment of (4) described below. Also, the culture solution can 
be stored at -80*C by adding 0.05 ml per well of the LB medium containing 20% glycerol to the culture solution, followed 
40 by mixing, and the stored culture solutk>n can be used at any time. 

(4) Determination of nucleotide sequerx^e 

(4-1) Preparation of template 



[0054] The full nucleotide sequence of genome DNA of coryneform bacteria can be determined basically according 
to the whole genome shotgun method (Science, 269: 496-512 (1995)). 

[0055] The template used in the whole genome shotgun method can be prepared by PCR using the library prepared 
in the above (2) {DNA Research, 5: 1-9 (1998)). 
50 [0056] Specifically, the template can be prepared as foltows. 

[0057] The done derived from the whole genome shotgun library is inoculated by using a replicator (manufactured 
by GENETIX) into each well of a 96-well plate to whk:h 0.08 ml per well of the LB medium containing 0.1 mg/ml ampctllin 
has t>een added, folk>wed by stationarily culturing at 37*C ovemight 

[0058] Next, the culture solution is transported, using a copy plate (manufactured by Tokken), into each well of a 
55 96-well reaction plate (manufactured by PE Biosystems) to which 0.025 ml per well of a PCR reaction solution has 
been added using TaKaRa Ex Taq (manufactured by Takara Shuzo). Then, PCR is carried out in accordarx^e with the 
protocol by Makino et a/. (DNA Research, 5: 1-9 (1998)) using GeneAmp PCR System 9700 (manufactured by PE 
Biosystems) to amplify the inserted fragments. 
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[0059] The excessive primers and nucleotides are eUminated using a kit for purifying a PCR product, and the product 
ts used as ttie template in ttie sequencing reaction. 

[0060] tl is also possible to determine the nucleotide sequerx» using a double-stranded DMA plasmid as a template. 
[0061] The dout>ie-€tranded DNA plasmid used as the template can be obtained by the following metfxxl. 

5 [0062] The done dertved from the whole gerwne shotgun Itorary is inoculated into each well of a 24- or se-well plate 
to which 1 .5 ml per well of a 2 x YT medium (1 6 g/1 bactotrypton. 1 0 g/l yeast extract, 5 g/1 sodium chloride, pH 7.0) 
containing 0.05 mg/ml ampicillin has been added. foBowed by culluring under shaking at 37^C overnight 
[0063] The double-stranded DNA plasmid can be prepared from the culture solution using an automatic plasmkj 
preparing machine KURABO PI-50 (manufactured by Kurabo Industries), a multiscreen (manufactured by Millipore) 

fo or the like. CKX»rding to each protocol. 

[0064] To purify the plasmkJ, Bk>mek 2O00 manufactured by Beckman Coulter and the like can be used. 

[0065] The resulting purified double-stranded DNA plasmkj is dissoh/ed in water to give a concentratk>n of about 0.1 

mg/tnL Then, it can be used as the template in sequencing. 

15 (4-2) Sequencing reaction 

[0066] The sequencing reactk>n can be carried out acconding to a commercially available sequerK» kit or the like. A 
specific method is exemplified below. 

[0067] To 6 of a solution of ABI PRISM BigDye Temriinator Cycle Sequencing Ready Reaction Kit (manufactured 
20 by PE B40systerr»), 1 to 2 pmol of an M13 regular direction primer (M13-21) or an M13 reverse direction primer 
(MI3REV) {DNA Research, 5: 1-9 (1998)) and 50 to 200 ng of the template prepared in the above (4-1) (the PCR 
product or plasmid) to give 10 of a sequencing reaction solutk>n. 

[0068] A dye terminator sequencing reaction (35 to 55 cycles) is carried out using this reaction solution and Gene Amp 
PCR System 9700 (manufactured by PE Biosystems) or the like. The cyde parameter can be determined in accordance 
25 with a commercially available kit, for example, the manufacture's instructions attached with ABI PRISM Big Dye Ter- 
minator Cycle Sequencing Ready Reactk>n Kit 

[0069] The sample can be purified using a commercially available product, such as Multi Screen HV plate (manu- 
factured by Millipore) or the like, according to the manufacture's instructions. 

[0070] The thus purified reactkDn product is precipitated with ethanol, dried and then used for the analysis. The dried 
30 reactk>n product can be stored in the dark at -30*C and the stored reaction product can be used at any tin>e. 

[0071] The dried reaction product can be analyzed using a commercially available sequencer and an analyzer ac- 
cording to the manufacture's instructions. 

[0072] Examples of the commercially available sequencer include ABI PRISM 377 DNA Sequencer (manufactured 
by PE Bk>systems). Example of the analyzer include ABI PRISM 3700 DNA Analyzer (manufactured by PE Biosystems). 

35 

(5) Assembly 

[0073] A software, such as phred (The University of Washington) or the like, can be used as base call for use in 
analyzing the sequence infomiatk>n obtained in the above (4). A software, such as Cross_Match (The University of 
40 Washington) or SPS Cross_Match (manufactured by Southwest Parallel Sofhvare) or the like, can be used to mask 
the vector sequence informatk)n. 

[0074] For the assembly, a software, such as phrap (The University of Washington), SPS phrap (manufactured by 
Southwest Parallel Software) or the like, can be used. 

[0075] In the above, analysis and output of the results thereof, a computer such as UNIX, PC, Macintosh, and the 
i r MUuuu ii UuuulU. 

[0076] Contig obtained by the assembly can be analyzed using a graphical editor such as consed (The University 
of Washington) or the like. 

[0077] It is also posstole to perfonn a series of the operatk>ns from the base call to the assembly in a lump using a 
script phredPhrap attached to the consed. 
50 [0078] As used herein, software will be understood to also be refened to as a comparator. 

(6) Determinatk>n of nudeotkle sequence in gap part 

[0079] Each of the cosmkJs in the cosmid library constructed in the above (3) is prepared in the same manner as in 
55 the preparatk)n of the double-stranded DNA plasmid described in the above (4-1 ). The nucleotide sequence at the end 
of the insert fragment of the cosmid is detenmined using a commercially available kit, such as ABI PRISM BigDye 
Terminator Cycle Sequencing Ready Reaction Kit (manufactured by PE Biosystems) according to the manufacture's 
ir>structk>ns. 
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[0080] About 800 cosmid clones are sequenced at both ends of the inserted fragment to detect a nucleotide sequence 
in the contig derived from the shotgun sequencing obtained in (5) which is coincident with the sequence. Thus, the 
chain linkage between respective cosmid clones and respective contigs are darrfied, and mutual alignment is carried 
out. Furthermore, the resurts are corrpared with known physical maps to map the cosmids and the contigs. In case of 
5 Corynebacterium gtutamtcum ATCC 13032. a physk»l map of Moi. Gen. Genet, 25^ 255-265 (1996) can be used, 
[0081] The sequence in the region which cannot be covered with the contigs (gap part) can be detemiined by the 
folk>wing method. 

[0082] Clones containing sequences positk>ned at the ends of the contigs are selected. Among these , a done wherein 
onry one end of the inserted fraynent has been determined is selected and the sequence at the opposite end of the 
10 ir^rted fragment is determined. 

[0083] A shotgun Itorary done or a cosmid done derived therefrom containing the sequences at the respective ends 
of the inserted fra^ents in the two contigs is identified and the full nucleotide sequence of the inserted fragment of 
the done is determined. 

[0084] According to this method, the nudeotkie sequerx^ of the gap part can be determined. 
f5 [0085] When no shotgun library done or cosmkj done covering the gap part is available, primers comptementary to 

the end sequences of the two different contigs are prepared and the DNA fragment in the gap part is anr^)lified. Then, 

sequencing is perfomied by the primer walking method using the amplified DNA fragment as a template or by the 

shotgun method in which the sequence of a shotgun done prepared from the amplified DNA fragment is detemiined. 

Thus, the nucleotide sequerx» of the above-described region can be determined. 
20 [0086] In a region showing a tow sequence accuracy, primers are synthesized using AUTOFINISH function and 

NAVIGATING function of consed CThe University of Washington), and the sequence is determined by the primer waJking 

method to improve the sequence accuracy. 

[0087] Examples of the thus determined nucleotide sequence of the full genome include the full nudeotide sequence 
of genome of Corynebacterium gMamicum AJCC 13032 represented by SEQ ID NO:1 

25 

(7) Determination of nucleotide sequence of microorganism genome DNA using the nudeotkle sequence represented 
by SEQ ID NO:1 

[0088] A nucleotide sequence of a potynucleotide having a homology of 80% or more with the full nudeotide sequence 
30 Of Corynebacterium giutamicum ATCC 13032 represented by SEQ ID NO:1 as determined above can also be deter- 
mined using the nudeotkJe sequence represented by SEQ ID NO:1. and the polynucleotide having a nudeotide se- 
quence having a homology of 80% or more with the nudeotide sequence represented by SEQ ID NO:1 of the present 
inventton is within the scope of the present invention. The term 'polynudeotide having a nudeotide sequence having 
a homology of 80% or more with the nucleotide sequence represented by SEQ ID NO:1 of the present invention" is a 
35 polynucleotide in which a full nudeotkle sequence of the chromosome DNA can be determined using as a primer an 
oligonucleotkJe composed of continuous 5 to 50 nudeotides in the nudeotide sequence represented by SEQ ID NO: 

1 . for example, according to PGR using the chromosonr»e DNA as a template A particularty prefen-ed pnmer in deter- 
rnination of the full nudeotide sequence is an oligonudeotide having nucleotide sequences which are positioned at 
the interval of about 300 to 600 bp, and among such oligonucleotides, an oligonudeotide having a nudeotide sequence 

40 selected from DNAs encoding a protein relating to a main metabolc pathway is particularty preferred. The polynucle- 
otide in which the full nudeotide sequence of the chromosome DNA can be determined using the oligonudeotide 
indudes polynudeotkies constituting a chronriosome DNA derived from a microorganism belonging to coryneform bac- 
teria. Such a polynucleotide is preferably a potynucleotide constituting chromosome DNA derived from a microorganism 
belonging to the genus Corynebacterium, more preferably a polynucleotide constituting a chromosome DNA of Co- 

2. Identification of ORF (open reading frame) and expression regulatory fragment and detemnination of the function of 
ORF 

so [0089] Based on the full nudeotide sequence data of the genome derived from coryneform bacteria determined in 
the above item 1 , an ORF and an expression modulating fragment can be kjentified Furthennore. the fundion of the 
thus detemiined ORF can be determined. 

[0090] The ORF means a continuous region in the nudeotide sequence of mRNA which can be translated as an 
amino acid sequence to mature to a protein. A region of the DNA coding for the ORF of mRNA is also called ORF 
55 [0091] The expression modulating fragment (hereinafter referred to as "EMF") is used herein to define a senes of 
polynudeotide fragments whteh modulate the expresston of the ORF or another sequence ligated operatably thereto. 
The expression 'nrK>dulate the expresston of a sequence ligated operatably* is used herein to refer to changes in the 
expression of a sequence due to the presence of the EMF. Examples of the EMF include a promoter, an operator, an 
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enhancer, a silencer, a r4x>some-binding sequence, a transcnptional temiination sequefKe. and the like. In coryneform 
bacteria, an EMF is usually present in an inlergenic segment (a fragnr>ent positioned between two genes; about 1 0 to 
200 nucleotides in length). Accordingty, an EMF is frequentty present in an intergenic segnr>ent o( 10 nucleotides or 
longer. It is also possble to determine or discover the presence of an EMF by using known EMF sequences as a target 
5 sequence or a target structural motif (or a target mottf) using an appropriate software or comparator, such as FASTA 
{Proc. NatL Acad. Sd. USA, 85: 2444^ (1 988)). BLAST (J. MoL BkM,. 215: 403-41 0 (1 990)) or the like. Also, R can 
k>e identified and evaJuated using a known EMF-capturing vector (for example. pKK232-8; manufactured by Amersham 
Pharmacia Biotech ). 

[0092] The term "target sequence* is used herein to refer to a nucleotide sequence composed of 6 or more nucte- 
10 otides, an amino acid sequence composed of 2 or more anrvno acids, or a nudeotkje sequence encoding this amino 
add sequence corrposed of 2 or more amino ackls. A longer target sequence appears at rar>dom in a data base at 
the k>wer possibility. The target sequerK« is preferably about 1 0 to 1 00 amino acid reskSues or about 30 to 300 nucle- 
otide residues. 

[0093] The terni target structural motr or "target motiT is used herein to refer to a sequence or a combination of 
15 sequences selected optionally and reasonably. Such a motif ts selected on the basts of the threedimensional structure 
formed by the fokjing of a polypeptide by means known to one of ordinary skill in the art. Various motives are known. 
[0094] Examples of the target motif of a polypeptide include, but are not limited to, an enzyn>e activity site, a proteirv 
protein interaction site, a signal sequence, and the like. Examples of the target motrf of a nudeic acid indude a promoter 
sequence, a transcriptional regulatory factor binding sequence, a hair pin structure, and the like. 
so [0095] Examples of highly useful EMF indude a high-expression promoter, an inductole-expression promoter, and 
the like. Such an EMF can be obtained by positionally detemiining the nudeotide sequence of a gene which is known 
or expected as achieving high expression (for example, ribosomal RNA gene: GenBank Accesston No. Ml 61 75 or 
Z46753) or a gene showing a desired induction pattem (for example, isocitrate lyase gene induced by acetic add: 
Japanese Published Unexamined Patent Application No. 56782/93) via the alignment with the full genome nucleotide 
25 sequence detemriined in the above item 1 . and isolating the genome fragment in the upstream part (usually 200 to 500 
nudeotkies from the translatk>n initiation site). It is also possible to obtain a highly useful EMF by selecting an EMF 
showing a high expression effk:iency or a desired induction pattem from among pnomoters captured by the EMF- 
capturing vector as described above. 

[0096] The ORF can be Identified by extracting characteristks common to individual ORFs. constructing a general 
30 model based on these characteristics, and measuring the conformrty of the subject sequence with the model. In the 
ldentifk:ation, a software, such as GeneMartc {Nuc, Acids. Res., 22^ 4756-67 (1994): manufactured by GenePro)), 
GeneMaric.hmm (manufactured by GenePro), GeneHacker {Protein, Nudeic Acid and Enzyme, 42. 3001 -07 (1 997)), 
Glimmer {Nuc. Acids. Res,, 2&. 544-548 (1 998): manufactured by The Instrtute of Genomic Research), or the like, can 
be used- In using the software, the default (initial setting) parameters are usually used, though the parameters can be 
35 optionally changed. 

[0097] In the above-described comparisons, a computer, such as UNIX, PC, Macintosh, or the like, can be used. 
[0098] Examples of the ORF determined by the method of the present invention include ORFs having the nucleotide 
sequences represented by SEQ ID NOS:2 to 3501 present in the genome of Corynebacterium ghJtamicum as repre- 
sented by SEQ ID NO:1 . In ttiese ORFs, potypeptkjes having the amino acid sequences represented by SEQ ID NOS: 

40 3502 to 7001 are encoded. 

[0099] The function of an ORF can be determined by comparing the identified amino acid sequence of the ORF with 
known homologous sequences using a homok>gy searching software or comparator, such as BLAST, FAST, Smith & 
Waterman {Meth. Enzym., 164: 765 (1988)) or the like on an amino acid data base, such as Swith-Prot, PIR, GenBank- 
nr-aa, GenPept cons tituted by protein-encoding dentins derived from GenBank data base, OWL or the like. 

T5~TBTW1 PurtKerrHore^^i^TomoIog^earcn^ 
proteins can also be analyzed. 

[0101] With respect of the term "identity" used herein, where two polypeptides each having 10 amino acids are 
different in the positions of 3 amino acids, these polypeptides have an Identity of 70% with each other. In case wherein 
one of the different 3 amino ackls is anatogue (for example, leucine and isoleucme), these polypeptides have a similarity 
50 of 80%. 

[0102] As a specific example, Table 1 shows the registration numbers in known data bases of sequences which are 
judged as having the highest similarity with the nucleotide sequence of the ORF derived from Corynebacterium glutarrU- 
cum ATCC 13032, genes of these sequences, functions of these genes, and klentities thereof compared with known 
amino acid translation sequences. 
ss [0103] Thus, a great number of novel genes derived from coryneform bacteria can be identified by determining the 
full nucleotide sequence of the genome derived from coryneform bacterium by the means of the present invention. 
Moreover, the function of the proteins encoded by these genes can t>e determined. Since corynefonm bacteria are 
Industrially highly useful mk:roorgantsms, many of the kSentified genes are industrially useful. 
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[01 041 Moreover, the charactenstics of respective micrDorganisms can be darified by dassifying the functions thus 
determined. As a result, vaJuabte information in breeding is obtained. 

[0105] Furthermore, from the ORF information derived from corynefomi bacteria, the ORF corresponcfing to the 
microorganism is prepared and obtained according to the general method as disposed in Moiecuiar Ctoning, 2r>d ed. 
or the Bke. SpecmcalJy. an oligonucteotide having a nucleotide sequence adjacent to the ORF is synthesized, arxJ the 
ORF can be isolated and obtained using the oligonucleotide as a primer and a chromosome DNA derived from co- 
ryneform bacteria as a terrplate according to the general PGR cloning technique. Thus obtained ORF sequences 
include polynucleotides comphsing the nucleotide sequence represented by any one of SEQ ID NOS2 to 3501 . 
[01 06] The ORF or primer can be prepared using a polypeptide synthesizer based on the above sequence mtoima- 



[01071 Examples of the polynucleotide of the present invention include a polynucleotide containing the nucleotide 
sequence of the ORF obtained in the above, and a polynucleotide which hybridizes with the polynucleotide under 

stringent conditions. ^ r^..,* m 

[01081 The polynucleotide of the present Invention can be a single-stranded DNA. a double-stranded DNA and a 

15 single-stranded RNA. though It is not limited t»>ereto. 

[01091 The polynucleotide which hybridizes with the polynucleotide containing the nucleotide sequence of the ORF 
obtained in the above under stringent conditions includes a degenerated mutant of the ORF. A degenerated mutant is 
a polynucleotide f ra^ent having a nucleotide sequence which is different from the sequence of the ORF of the present 
invention which encodes the same amino acid sequence by degeneracy of a gene code. 

20 [01101 Speofic examples include a polynucleotide comprising the nucleotide sequence represented by any one of 
SEQ ID NOS;2 to 3431 . and a polynucleotide which hybridizes with the polynucleotide under stringent conditions. 
[Oil 11 A polynucleotide which hybridizes under stringent conditions is a polynudeolide obtained by colony hybridi- 
zation, plaque hybridization. Southern blot hybridization or the like using, as a probe, the polynudeotkle having the 
nucleotide sequence of the ORF identified in the above. Specific examples include a polynucleotide whteh can be 

25 identified by carrying out hybridization at 66*C in the presence of 0.7-1 .0 M NaCI using a filter on which a polynudeotkle 
prepared from colonies or plaques is irrvnobilized, and then washing the filter with 0.1 x to 2x SSC solution (the com- 
positk>n of Ix SSC contains 150 mM sodium chloride and 15 mM sodium citrate) at 65»C. 

[01 1 21 The hybridizatton can be carried out in accordance with known methods described in . tor example , Molecular 
Cloning, 2nd ed., Current Protocols in Molecular Biology, DNA Cloning 1: Core Techniques, A Practical Approach, 

30 Second Edition, Oxford University (1 995) or the like. Specific examples of the polynucleotide whch can be hybridized 
include a DNA having a homology of 60% or more, preferably 80% or more, and partcularty preferably 95% or more, 
with the nucleotide sequence represented by any one of SEQ ID NO:2 to 3431 when calculated using default (initial 
setting) parameters of a homology searching software, such as BLAST. FASTA. Smith-Waterman or the like. 
[0113] Also, the polynudeotkle of the present invention includes a polynucleotide encoding a polypeptkle compnsing 

35 the amino acid sequence represented by any one of SEQ ID NOS:3502 to 6931 and a polynucleotide which hybridizes 
with the polynucleotide under stringent conditions. 

[01 141 Furthermore, the polynudeotkle of the present invention includes a polynucleotide whch is present In the 5* 
upstream or 3' downstream regton of a polynucleotide comprising the nucleotide sequence of any one of SEQ ID NOS: 
2 to 3431 In a polynudeotkle comprising the nucleotide sequence represented by SEQ ID NO:1 . and has an activity 
40 of regulating an expresswn of a polypeptide encoded by the polynucleotide. Specifc examples of the polynucleotide 
having an activity of regulating an expression of a polypeptide encoded by the polynudeotkle includes a polynudeolide 
encoding the above described EMF. such as a promoter, an operator, an enhancer, a silencer, a nbosome-binding 
sequence, a trar»criptk>nal temiinatten sequence, and the like. 

[01151 The primer used for obtaining the ORF according to the abov e PGR cloning technique includes an oligonu- 

M$ HMt l W OOmn i M i y a i^unuy i iLU m wKW \^ m e la iic as a jLguuiLL um e lu e es uu i u ii muuu u B u i u i U i n m i hi w iii n iii 

sequence of the ORF and an adjacent region or an oligonucleotide compnsing a sequence which is complementary 
to the oligonucleotide. Specifc examples include an oligonudeotide compnsing a sequence whch is the same as a 
sequence of 10 to 200 continuous nucleotides of the nucleotide sequence represented by any one of SEQ !D NOS:1 
to 3431 . and an oligonudeotide comprising a sequence complementary to the oligonucleotide compnsing a sequence 
50 of at least 1 0 to 20 continuous nucleotide of any one of SEQ ID NOS: 1 to 3431 When the primers are used as a sense 
primer and an antisense primer, the above-described oligonucleotides in which melting temperature (T„) and the 
number of nucleotides are not signifcantty different from each other are preferred. 

[01 1 61 The oligonudeotide of the present invention includes an oligonucleotide comprising a sequence whch is the 
same as 10 to 200 continuous nucleotides of the nucleotide sequence represented by any one of SEQ ID NOS:1 to 
55 3431 or an oligonudeotkle comprising a sequence complementary to the oligonudeotide. 

[01171 Also, anatogues of these oligonucleotides (hereinafter also referred to as "analogous oligonucleotides") are 
also provided by the present invention and are useful in the methods described herein. 

[01181 Examples of the analogous oligonucleotides include anatogous oligonudeotides in whk:^ a phosphodiester 
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bond in an oligonucleotide is converted to a phosphorothioate bond, analogous oligonucleotides in which a phosphodi- 
ester bond in an oligonudeotide is converted to an N3'-P5' phosphoamidate bond, analogous oligonucleotides in which 
' ribose and a phosphodiesler bond in an oligonucleotide ts converted to a peptide nucleic acid bond, analogous oligo-, 
nucleotides in which uracil in an oligonucleotide is repl£K»d with C-5 propynyluracil, analogous oligonudootidos in 

5 which uracil in an oligonucleotide is replaced with C-5 thiazoluracil, analogous oligonucleotides in which cytosine in 
an oligonucleotide is replaced with C-5 propynylcytosine. analogous oligonucleotides in which cytosine in an oligonu- 
cleotide is replaced with pherraxazine-rrKidffied cytosine, analogous oligonucleotides in which ribose in an oligonucle- 
otide is replaced with 2'-0-propylnbose. analogous oligonucleotides in which rft>ose in an oligonucleotide is replaced 
with 2*-methoxyethoxyribose, and the like {Ceit Engineering, ie. 1463 (1997)). 

10 [011 9] The above oligonucleotides and analogous oligonucleotides of the present invention can be used as probes 
for hybridization and antisense nucleic acids described below in addition to as primers. 

[0120] Examples of a primer for the antisense nucleic add techniques known in the art include an oligonudeotkle 
which hybridizes the oligonudeotide of the present invention under stringent conditior^s and has an activity regulating 
expression of the polypeptide er^coded by the potynudeotkie, in addition to tt>e above oligonudeotkle. 

15 

3. Determination of isozymes 

[0121] Many mutants of corynefonm bacteria which are useful in the productwn of useful substar^ces, such as amino 
acids, nudec acids, vitamins, saccharides, organic adds, and the like, are obtained by the present Invention. 

so [0122] However, since the gene sequence data of the mkroorganism has been, to date, insufficient, useful mutants 
have been obtained by mutagens techniques using a mutagen, such as nitrosoguanidine (NTG) or the like. 
[01 23] Although genes can be mutated randomly by the mutagenic method using the above-described mutagen, all 
genes encoding respective isozymes having similar properties relating to the metabolism of intermediates cannot be 
mutated. In the mutagenic method using a mutagen, genes are mutated randomly. Accordingly, harmful mutatk>ns 

25 worsening culture characteristics, such as delay in growth, accelerated foaming, and the like, might be imparted at a 
great frequency, in a random manner 

[0124] However, if gene sequence information Is available, such as is provided by the present invention, it is possible 
to mutate all of the genes encoding target isozymes. In this case, harmful mutations may t>e avoided and the target 
mutation can be incorporated. 

30 [01 25] Namely, an accurate number and sequence information of the target isozymes in coryneform bacteria can be 
obtained based on the ORF data obtained in the above item 2. By using the sequence information, alt of the target 
isozyme genes can be mutated into genes having the desired properties by, for example, the site-spedfk: mutagenesis 
method described In Molecular Cloning, 2nd ed. to obtain useful mutants having elevated productivity of useful sub- 
stances. 

35 

4. Clarificatksn or determination of biosynthesis pattiway and signal transmission pathway 

[0126] Attempts have been made to eluddate biosynthesis pathways and signal transmission pathways in a number 
of organisms, and many findings have been reported. However, there are many unknown aspects of coryneform bac- 
^ teria sirK^e a number of genes have not been kientifted so far. 

[0127] These unknown points can be clarified by the folk>wing method. 

[01 28] The f urx:tk>nal information of ORF derived from coryneform bacteria as identified by the method of above item 
2 is arranged. The term 'arranged* means that the ORF is classified based on the biosynthesis pathway of a substance 
or the signal transmissk>n pathway to which the ORF belongs using known information according to the functional 

if i M iwiiallii M IliiH t a w n j ii O nr ■■^■■ii m I wM iWii al iiii !■ ■■ ^ ui »i ii ill i u ii lji ii uu u ii Uiu U l uu| ii U i uu i u muU iii uju 

or signal transmission pathways of other known organisms. The resulting information is combined with known data on 
coryneform bacteria. Thus, the biosynthesis pathways and signal trarismlssion pathways in coryneform bacteria, whk:h 
have been unknown so far, can be determined. 

[0129] As a result that these pathways which have been unknown or unclear hitherto are clartfled, a useful mutant 
50 for produdng a target useful substance can be efficiently obtained. 

[01 30] When the thus dariTied pathway is judged as important in the synthesis of a useful product, a useful mutant 
can be obtained by selecting a mutant wherein this pathway has been strengthened Also, when the thus clarified 
pathway is judged as not important in the biosynthesis of the target useful product, a useful mutant can be obtained 
t>y selecting a mutant wherein the utilization frequerx:y of this pathway is lowered. 

55 

5. Clarificatk)n or determination of useful mutatk>n point 

[01 31] Many useful mutants of coryneform bacteria whk;h are suitable for the production of useful substances, such 
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as amino adds, nudeic adds, vitamins, saccharides, organic adds, and the like, have been obtained. However, it is 
hardly known which mutaton point is innpafted to a gene to inrprove the productfvity. 

[01 32] However, mutation points contained in production strains can be identified by comparing desired sequences 
of the genome DMA of the product»n strains obtained from corynefomi bacteria by the mutagenic technk^ue with tt>e 
5 nudeotide sequences of the corresponding genome DNA and ORF derived from corynefomri t>acteria detemiined by 
the methods of the above items 1 and 2 and analyzing them 

[0133] Moreover, effective mutatk>n points contributing to the production can be easiiy specified from among these 
mutation points on the t>asis of known tnfomiation relating to the metabolc pathways, the metabolk: regulatory mech- 
anisms, the structure activity correlaton of enzymes, and the like. 
10 [01 34] When any efficient mutation can be hardly specified based on known data, ttie mutation points thus identified 
can be introduced into a wild strain of coryneform t>acteria or a production strain free of the mutation. Then, It is examined 
whether or not any positive effect can be achieved on the production. 

[0135] For example, by conparing the nucleotide sequerx^ of homoserine dehydrogenase gene horn of a ^ysine- 
produdng B-6 strain of Corynebacterium ghJtamicum {Appl. Microbioi BkXechnol., 32: 269-273 (1989)) with the nu- 
IS deotkle sequence corresponding to the genonne of Corynebactehumglutamk:umAJ'CC^3032acco^dk 

inventk>n. a mutation of amino add replacement in whk:h valine at the 59-position is replaced with alanine (Val59Ala) 
was identified. A strain obtained by introdudng this mutation into the ATCC 13032 strain by the gene replacement 
method can produce lysine, whk:h indcates that this mutatk>n is an effective mutatmn contributing to the productk>n 
of lysine. 

20 [01 36] Similarty, by comparing the nudeotkie sequence of pyruvate cartxjxylase gene pyc of the B-6 strain with the 
nudeotide sequence corresponding to the ATCC 1 3032 genome, a mutation of amino add replacement in whk:h proline 
at the 458-position was replaced with serine (Pro45eSer) was kJentified. A strain obtained by introdudng this mutatk>n 
into a lysine-produdng strain of No. SB (PERM BP-7134) of Corynebacterium gtutamicum free of this mutation shows 
an improved lysine productivity in comparison with the No. 56 strain, wh'ch indicates that this mutation is an effective 

25 mutation contributing to the production of lysine. 

[0137] In addition, a mutation A1a213Thr in glucose-6-phosphate dehydrogenase was specified as an effective mu- 
tation relating to the production of lysine by detecting glucose-6-phosphate dehydrogenase gene zwf of the B-6 strain. 
[0138] Furthermore, the lysine-productivity of Corynebacterium gtutamicum was improved by repJadng the t>ase at 
the 932-position of aspartokinase gene tysC of the Corynebacterium gtutamicum ATCC 13032 genome with cytosine 

30 tothereby replace threonine at the 311 -position by isoleucine, which indk:ates that this mutation is an effective mutation 
contributing to the production of lysine. 

[0139] Also, as another method to examine whether or not the identified mutation point is an effective mutation, there 
is a method in whch the mutatk>n possessed by the lysine-produdng strain is returned to the sequence of a wiki type 
strain by the gene replacement method and whether or not It has a negative influence on the lysine productivity. For 
35 example, when the amino acid replacement mutatk)n Va!59Ala possessed by bom of the lysine-producing B-6 strain 
was returT>ed to a wild type amino add sequerx^, the lysine productrvrty was lowered in comparison with the B-6 strain. 
Thus, it was found that this mutatk>n is an effective mutation contributing to the production of lysine. 
[01 40] Effective mutaton points can be more efficientty and comprehensively extracted l>y combining. If needed, the 
DNA array analysis or proteome analysis described bek>w. 

40 

6. Method of breeding industrially advantageous producton strain 

[0141] It has t>een a general practice to construct production strairis, which are used industrially in the fermentation 
productk>n of the target useful substarices, such as amino acids, nuciek: acids, vitamins, saccharides, organk: acids, 
i f mw i t i n lil iui h j i M « m ' "a iwwIagwwwg^w^^w^^iwg^wBg^wTwtw^wTf ii iuLuyLnuu i uuii i y nii rtBgefwrM U li UJ MTO 

or the like, and screening. 

[0142] In recent years, many examples of improved production strains have been made through the use of recom- 
binant DNA technk^ues. In breeding, however, most of the parent production strains to be improved are mutants ob- 
tained by a conventional mutagenk: procedure (W. Leuchtenberger. Amino Acids - Technical Production arni Use. In: 
so Roehr (ed) Bk>technology, second edition, vol. 6, products of primary metat>olism. VCH Verlagsgesellschaft mbH, Wein- 
heim, P 465 (1996)). 

[0143] Although mutagenesis methods have largely contributed to the progress of the fennentation industry, they 
suffer from a serious problem of multiple, random introduction of mutatrans into every part of the chromosome. Since 
many mutatwns are accumulated in a single chromosome each time a strain is improved, a production strain obtained 
55 by the random mutation and selecting is generally inferior in properties (for exanrple, showing poor growth, delayed 
consumptk>n of saccharides, and poor resistance to stresses such as temperature and oxygen) to a wild type strain, 
whk:h brings about troubles such as failing to establish a suffcientty elevated productivity, being frequently contami- 
nated with miscellaneous bacteria, requiring troublesome procedures in culture nriaintenance, and the like. and. In its 
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turn, elevating the procJuction cost in practice. In addition, the improvement in the producthrity is based on random 
mutatior^ and thus the mechanisnn thereof is unclear. Therefore, it is very drfTicull to plan a rational breeding strategy 
for the subsequent improvement in tt»e productivty. 

[0144] According to the present invention, effective mutation points contributing to the productwn can be effeentfy 
5 specified from among many mutation points accumulated in the chromosoaw of a production strain which has been 
bred from coryneform bacteria and, therefore, a novel breeding method of assembling these eff ecth^ mutations in the 
corynefomi bacteria can be established. Thus, a useful production strain can be reconstructed. It is also possft>le to 
construct a useful production strain from a wild type strain. 
[0145] Spectficaily, a useful mutant can be constructed in the following manner 
10 [0146] One of the mutation points is irK»rporated into a wild type strain of coryneform bacteria. Then, it is examined 
whether or not a positive effect is established on the production. When a positive effect is obtained, the nnutation point 
ts saved. When no effect is obtained, the mutation point is removed. Sut)sequentty, only a strain having the effective 
mutation point is used as the parent strain, and the same procedure is repeated. In general, the effecthreness of a 
mutation positioned upstream cannot be clearty evaluated in some cases when there is a rate-determining point In the 
15 downstream of a biosynthesis pattiway. It is therefore preferred to successively evaluate mutation points upward from 
downstream. 

[0147] By reconstituting effective mutations by the nriethod as desert) ed above in a wild type strain or a strain which 
has a high growth speed or the same ability to consume saccharides as the wild type strain, it is possible to constrxx:t 
an industrially advantageous strain which is free of troubles in the previous methods as described above and to conduct 

20 fermentation production using such strains within a short time or at a higher temperature. 

[0148] For example, a lysine-productng mutant B-6 {Appl. Microbiol. Biotechnol., 3?. 262-273 (1989)). which is ob- 
tained by multiple rounds of random mutagenesis from a wild type strain Corynebacterium ghitamicum ATCC 13032, 
enables lysine fermentation to be perfonried at a temperature between 30 and 34*C but shows lowered growth and 
lysine productivity at a temperature exceeding 34*C. Therefore, the fermentation temperature should be maintained 

25 at 34*C or lower. In contrast thereto, the production strain described in the above item 5. which is obtained by recon- 
stituting effective mutations relating to lysine production, can achieve a productivity at 40 to 42*C equa' or superior to 
the result obtained kiy culturing at 30 to 34*C. Therefore, this strain is industrially advantageous since it can save the 
load of cooling during the fermentation. 

[0149] When culture should t>e earned out at a high temperature exceeding 43*C, a production strain capable of 
30 conducting fermentation production at a high temperature exceeding 43'C can be obtained by reconstituting useful 
mutations in a microorganism belonging to the genus Corynebacterium which can grow at high temperature exceeding 
43^C. Examples of the microorganism capable of growing at a high temperature exceeding 43*C include Corynebac- 
terium thermoaminogenes, such as Corynebactehum tttermoaminogenes FERM 9244, FERM 9245, FERM 9246 and 
PERM 9247. 

35 [0150] A strain having a further improved productivity of the target product can be obtained using the thus recon- 
structed strain as the parent strain and further breeding it using the conventional mutagenesis method, the gene am- 
plification method, the gene replacement method using the recombinant DNA technique, the transduction method or 
the cell fusion method. Accordingly, the microorganism of the present invention includes, but is not limited to, a mutant, 
a cell fusion strain, a transformant, a transductant or a recombinant strain constructed by using recombinant DNA 

^ techniques, so long as it is a producing strain obtained via the step of accumulating at least two effective mutations in 
a coryneform bacteria in the course of breeding. 

[0151] When a mutation point judged as being harmful to the growth or production is specified, on the other hand, 
it is examined whether or not the producing strain used at present contains the mutation point When it has the mutation, 
it can be returned to the wild type gene and thus a further useful production strain can be bred. 
^ I MBg] I he breeding method ks a4&6B5M &B5W B app i lgaBU^ 10 Il llU r mi i ymilU l lk. Ul l iy i UIUI I UU i yiiy i U III I UcJUUIIH. 
which have industrially advantageous properties (for example, microorganisms capable of quickly utilizing less expen- 
sive cartx)n sources, microorganisms capable of growing at higher temperatures). 

7. Production and utilization of polynucleotide array 

50 

(1) Production of polynucleotide array 

[0153] A polynucleotide array can be produced using the polynucleotide or oligonucleotide of the present invention 
obtained in the above items 1 and 2. 
55 [0154] Examples include a polynucleotide array comprising a solid support to which at least one of a polynucleotide 
comprising the nucleotide sequence represented by SEQ ID NOS.2 to 3601 , a polynucleotide which hybndizes with 
the polynucleotide under stringent conditions, and a polynucleotide comprising 10 to 200 continuous nucleotides in 
the nucleotide sequence of the polynucleotide is adhered; and a polynucleotide array comprising a solid support to 
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which at least one of a potynudeotide encoding a polypeptide comprising the amino actd sequence represented by 
any one of SEQ ID NOS:3502 to 7001, a polynucleotide whch hybndizes with the polynucleotide under stringent 
conditions, and a polynucieotide comprising 10 to 200 continuous bases in the nucleotide sequences of the polynu- 
cleotides is adhered. 

5 [0155] Polynucleotide arrays of the present invention include suljstrates known in the art, such as a DMA chip, a 
DNA microarray and a DNA macroarray. and the like, and comprises a solid support and plural potynudeotides or 
fragments thereof which are adhered to the surface of the solid support. 
[0156] Examples of the solid support include a glass plate, a nylon membrane, and the like. 

[0157] The polynucleotides or fragments thereof adhered to the surface of the solid support can be adhered to the 
10 surface of the solid support using the general technkjue for preparing arrays. Namely, a method in whch they are 
adhered to a chemk:ally surface-treated solkl support, for example, to whkii a potycatkm such as polylysine or the Uke 
has been adhered {Nat Genet, 21:15-19(1 999)). The chemcally surface-treated supports are conrYnercially available 
and the commercially available solki product can be used as the solkl support of the polynudeotkje array according 
to the present invention. 

IS [0158] As the polynudeotkjes or oligonucleotides adhered to the solid support, the potynucleotkjes and oligonucle- 
otides of the present invention obtained in the above items 1 and 2 can be used. 

[01 59] The analysis described below can be efflcientty performed by adhering the polynucleotides or oligonucleotkies 
to the solkj support at a high density, though a high fixation density is not always necessary. 

[0160] Apparatus for achieving a high fixation density, such as an arrayer robot or the like, is comnr^ercially available 
so from Takara Shuzo (GMS41 7 AnByer), and the commercially available product can be used. 

[0161] Also, the oligonucleotides of the present invention can be synthesized directly on the soHd support by the 
photolithography method or the like {Nat. Genet, 21: 20-24 (1 999)). In this n^ethod, a linker having a protective group 
which can be removed by light irradiation is first adhered to a solid support, such as a slide glass or the like. Then, it 
is irradiated with light through a mask (a photolithograph mask) pemieating light exdusrvety at a definite part of the 
25 adhesion part. Next, an oligonudeotide having a protective group whch can be removed by light irradiation is added 
to the part. Thus, a ligatcn reactk>n with the nucleotide arises exclusively at the irradiated part. By repeating this 
procedure, oligonudeotides, each having a desired sequence, different from each other can be synthesized in respec- 
tive parts. Usually, the oligonucleotides to be synthesized have a length of 10 to 30 nucleotides. 

30 (2) Use of polynucleotide array 

[0162] The following procedures (a) and (b) can be carried out using the polynucleotide array prepared in the above 
(1). 

35 (a) Identification of mutation point of coryneform bacterium mutant and analysis of expression amount and expression 
profile of gene encoded by genome 

[0163] By subjeding a gene derived from a mutant of coryneform bacteria or an examined gene to the following 
steps (i) to (iv), the mutation point of the gene can be identified or the expression amount and expression profile of the 
^ gene can be analyzed: 

(i) producing a polynucleotide array by ttie method of the above (1 ); 

(ii) incubating polynudeotides immobilized on the polynucleotide array together with the labeled gene derived from 
a mutant of the coryne form bacterium usin g the polynu cleotide an-ay produ ced in the above (i) under hybridization^ 

4^^^^ conditions; 

(iit) detecting the hybridization; and 
(iv) analyzing the hybrkjization data. 

[0164] The gene derived from a mutant of coryneform bacteria or the examined gene include a gene relating to 
so biosynthesis of at least one selected from amino adds, nucleic acids, vitamins, saccharides, organic ackls, and ana- 
logues thereof. 

[0165] The method will be descrit>ed in detail. 

[0166] A single nucleotide polymorphism (SNP) in a human region of 2.300 kb has been identified using polynucle- 
otide arrays {Science, 280. 1077-82 (1998)). In accordance with the method of identifying SNP and methods described 
55 in Science, 278: 680-686 (1997); Proc. Nati. Acad. Sd. USA, OS 12833-38 (1999); Science, 284: 1520-23 (1 999), and 
the like using the polynudeotkje array produced in the above (1 ) and a nucleic acid molecule (DNA, RNA) derived from 
coryneform baderia in the method of the hybridization, a mutation point of a useful mutant, whch is useful in produdng 
an amino add, a nucleic add. a vitamin, a saccharide, an organc acid, or the like can be identified and the gene 
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expression amount and the expression profile thereof can be anatyzed. 

[0167] The nudeic acid molecule (DNA, RNA) derived from the coryneform bacteria can t>e obtained according to 
the general method descrtoed in Motocuiar Ckxung, 2nd ed. or the like. mRNA derived from CorynebaOerium gMamn 
cum can also be obtained by the method of Bormann et a/. (Motecuiar Microbtoktgy. 6: 31 7-326 (1 992)) or the like. 
5 [01 68] Although rtoosomal RNA (r«NA) is usualJy obtained in large excess in addition to the target mRNA. the anal- 
ysis is not seriousty disturbed thereby. 

[01 691 The resulting nucleic acid molecule derived from coryneform bacteria is labeled. Labeling can be carried out 
according to a method using a fluorescent dye, a method using a radioisotope or the Pke. 

[01 70] Specific examples include a labeling method in which psoralen-biotin is crosslinked with RNA extracted from 
10 a mkiroorganism and, after hybridization reaction, a fluorescent dye having streploavidin bound thereto is bound to 
the biotin moiety {Nat. BiotechnoL, ie. 45-48 (1998)); a labeling method in whk:h a reverse transcription reactwn is 
earned out using RNA extracted from a mk:roorganism as a template and random primers as primers, and dUTP having 
a fluorescent dye (for exarrple. CyS, CyS) (manufactured by Amersham Phamiacta Biotech) is incorporated into cONA 
{Proc. Natl. Acad. Sci. USA, 9e. 12833-38 (1999)): and the like. 
15 [0171] The labeling specificfty can be improved by replacing the random prinr>ers by sequences complementary to 
the 3'-end of ORF (J. BactehoL. 181: 6425-40 (1999)). 

[0172] In the hybridizatk>n method, the hybridization and subsequent washing can be carried out by the general 
method {Nat. BioctechnoL, 14: 1675-80 (1996). or the like). 

[0173] Subsequently, the hybridization intensity is measured depending on the hybridization arrK>unt of the nucleic 
20 actd molecule used in the labeling. Thus, the mutation point can be identified and the expression amount of the gene 
can be caknjiated. 

[01 74] The hybridizalon intensity can be measured by visualizing the fluorescent signal, radioactivity, luminescence 
dose, and the like, using a laser confocal mka-oscope, a CCD camera, a radiation imaging device (for example. STORM 
manufactured by Amersham Pharmacia Biotech), and the like, and then quantifying the thus visualized data. 
25 [01 75] A polynucleotide array on a solid support can also be analyzed and quantified using a commercially available 
apparatus, such as GMS418 Array Scanner (manufactured by Takara Shuzo) or the like. 

[0176] The gene expression amount can be analyzed using a commercially available software (for example, ImaGene 
manufactured by Takara Shuzo; Array Gauge manufactured by Fuji Photo Film; ImageQuant manufactured by Amer- 
sham Pharmacia Biotech, or the like). 
30 [0177] A fluctuation in the expression amount of a specifk: gene can be monitored using a nudec acid molecule 
obtained in the time course of culture as the nuciec acid molecule derived from corynefonn bacteria. The culture 
conditk>ns can be optimized by analyzing the fluctuation. 

[0178] The expression profile of the microorganism at the total gene level (namely, which genes among a great 
number of genes encoded by the genome have been expressed and the expression ratio thereoO can be determined 
35 using a nucleic ackJ molecule having the sequences of many genes determined from the full genonrie sequence of the 
mcroorganism. Thus, the expression amount of the genes determined by the full genome sequence can be analyzed 
and. in its turn, the bk>logcal condittons of the microorganism can be recognized as the expression pattem at the full 
gene level. 

40 (b) Confirmation of the presence of gene homologous to examined gene in coryneform bacteria 

[0179] Whether or not a gene homologous to the examined gene, whk:h is present in an organism other than co- 
ryneform bacteria, is present in coryneform bacteria can be detected using the polynucleotide array prepared in the 
above (1). 

4s [U 1 BU] I WIS aweeiiBn m\ m uum i uu m uy u muuiuu i ii w i iiu ii u ii ymj i ii i iyu yyny wi i i ui »> pms^u i ii m mi u i yj i i i mi 

other than coryneform bacteria is used instead of the nucleic add molecule derived from coryneform bacteria used in 
the above identification/analysis method of (1). 

8. Recording medium storing full genome nucleotide sequence and ORF data and being readable by a computer and 
so methods for using the same 

[01 81 ] The tenn "recording niedium or storage devk:e whk:h is readable by a computer* means a recording medium 
or storage medium whch can be directly readout and accessed with a computer Examples include magnate recording 
media, such as a fk>ppy disk, a hard disk, a magnetc tape, and the like; optcal recording media, such as CD-ROM, 
55 CD-R, CD-RW, DVD-ROM. DVD-RAM, DVD-RW. and the like; electnc recording media, such £s RAM. ROM, and the 
like; and hybrids in these categories (for example, magnetic/optical recording media, such as MO and the like). 
[0182] Instruments for recording or inputting in or on the recording medium or instruments or devices for reading out 
the information in the recording medium can fc>e appropriately selected, depending on the type of the recording medium 
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and the access device utilized. Also, various data processing progrants, software, comparator arKj fonnats are used 
for recording and utilizing the polynucleotide sequerx^e infonnation or the like, of the present invention in the recording 
medium. The infonnation can be expressed in the form of a binary file, a text file or an ASCII file formatted with com- 
mercially available software, for example. Moreover, software for accessing the sequence information is available and 

5 known to one of ordinary skill in the art. 

[0183] Examples of the infomiation to be recorded in the above-described medium indude the ful! genome nucleotide 
sequence information of coryneform bacteria as obtained in the above item 2. the nudeotkje sequertce infomrkahon of 
ORF. the amino acki sequence informatk>n encoded by the ORF, and the functional infonnation of polynudeotkles 
coding for the amino acid sequences. 

10 [0184] The recording medium or storage devk:e which is readable by a computer according to the present invention 
refers to a medium in which the information of the present invention has been recorded. Examples include recording 
media or storage devices ¥vhk;h are readable by a computer storing the nucleotkJe sequerx^e informatk)n represented 
by SEQ ID NOS:1 to 3501, the amino acid sequence infonnation represented by SEQ ID NOS:3502 to 7001 , the 
functional infonnation of the nudeotkle sequences represented by SEQ ID NOS:1 to 3501 , the functional infonnation 

15 of the amino EK»d sequences represented by SEQ ID NOS:3502 to 7001 , and the Information listed in Table 1 below 
and the like. 

9. System based on a computer using the recording medium of the present invention whk:h is readable by a computer 

so [0185] The term "system based on a computer" as used herein refers a system composed of hardware devk»(s), 
software device(s), and data recording devk^(s) whk^ are used for analyzing the data recorded in the recording me- 
dium of the present invention which is readable by a computer 

[01 86] The hardware device(s) are. for example, composed of an input unit, a data recording unit, a central processing 
unit and an output unit collectively or indivkjually. 

2s [0187] By the software devce(s), the data recorded in the recording medium of the present invention are searched 
or analyzed using the recorded data and the hardware devk:e(s} as described herein. Specifically, the software device 
(s) contain at least one program which acts on or with the system in order to screen, analyze or compare biologk:ally 
meaningful stnx:tures or infonnation from the nucleotide sequences, amino acid sequences and the like recorded In 
the recording medium according to the present invention. 

30 [0188] Examples of the software devk3e(s) for identifying ORF and EMF domains include GeneMark {Nuc. Adds. 
Res., 22: 4756-67 (1994)), GeneHacker {Protein, NudeicAcid and Enzyme, 42 3001 -07 (1997)). Glimmer (The Insti- 
tute of Genomic Research; Nuc. Adds. Res., 26: 544-548 (1 99B)) and the like. In the process of using such a software 
device, the default (initial setting) parameters are usually used, although the parameters can be changed, rf necessary, 
in a manner known to one of ordinary skill in the art. 

35 [0189] Examples of the software devk:e(s) for identifying a genome domain or a polypeptide domain analogous to 
the target sequence or the target structural motif (homok>gy searching) include FASTA, BLAST, Smith -Waterman, 
GenetyxMac (manufactured by Software Development), GCG Package (manufactured by Genetic Computer Group), 
GenCore (manufactured by Compugen). and the like. In the process of using such a software devk^, the default (initial 
setting) parameters are usually used, although the parameters can be changed, if necessary, in a manner known to 

40 one of ordinary skill in the art. 

[0190] Such a recording medium storing the full genome sequence data is useful in preparing a polynucleotide array 
by whk^h the expression amount of a gene encoded by the genome DNA of corynefonn bacteria and the expression 
profile at the total gene level of the microorganism, namely, which genes among many genes encoded by the genome 
have been expressed and the expression ratio thereof, can t>e determined. 

in [nini] Tin ^i tn m iiniiiH g ii M ii ( i ) p uu w i iii h i j i lln iwn ■iiliiii mi n >ii ■i iu i i i pi li . i i iu ii iuij iiu ii uu(uHu i m 

cording the data recorded in the recording medium of the present invention and target sequence or target structural 
motif data, or the like, and a memory accessing device(s) for accessing the same 

[0192] Namely, the system based on a computer according to the present invention comprises the following: 

50 (i) a user input device that inputs the informatk)n stored in the recording medium of the present invention, and 

target sequer>ce or target structure motif infonnation: 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the information stored in the recording medium of the present invention with the 
target sequence or target structure motif information, recorded by the data stonng device of (ii) for screening and 

55 analyzing nucleotide sequence informatk}n which is coincident with or analogous to the target sequence or target 

stnjcture motif information; and 

(iv) an output devce that shows a screening or analyzing result obtained by the comparator 
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[01 931 This system is usabte in the methods in items 2 to 5 as descrt>ed above for searching and analyzing the ORF 
and EMF domains, target sequence, target stnjcturaJ motif, etc. of a corynefomi bacterium, searching homotogs, 
searching and analyzing isozymes, determining the biosynthesis pathway and the signal transmission pathway, arwl 
identifying spots which have been found in the proteome analysis. The temi "homologs* as used herein includes both 
5 of orthologs and paralogs. 

10. Production of polypeptide using ORF derived from coryneform bacteria 

[01 94] The polypeptide of the present inventon can t>e produced using a polynucleotide comprising the O RF obtained 
10 in the above Item 2. Specifically, the polypeptide of the present invention can be produced by expressing the polynu- 
cleotide of the present invention or a fragment thereof in a host cell, using the method descrt>ed in Mofecular Ckfning, 
2nd ed.. Current Protocol in Moiecular Bioiogy, and the like, for example, according to the following method. 
[01 95] A DNA fragment having a suitable length containing a part encoding the polypeptide is prepared from the full 
length ORF sequence, If necessary. 
15 [0196] Also. DNA In which nucleotides in a nucleotide sequence at a part encoding the polypeptide of the present 
invention are replaced to give a codon suitable for expression of the host cell, if necessary. The DNA is useful for 
efficiently producing the polypeptide of the present invention. 

[0197] A recombinant vector is prepared by inserting the DNA fragment into the downstream of a pronwter in a 
suitable expression vector. 
20 [0198] The recombinant vector is intrcxjuced to a host cell suitable for the expression vector. 

[0199] Any of bacteria, yeasts, animal cells, insect cells, plant cells, and the like can be used as the host cell so long 
as it can be expressed in the gene of interest. 

[0200] Examples of the expressk>n vector include those whch can replicate autonomously in the above-described 
host cell or can be integrated into chromosome and have a promoter at such a position that the DNA encoding the 

25 polypeptide of the present invention can be transcribed. 

[0201] When a procaryote cell, such as a bacterium or the like, is used as the host cell, It is preferred that the 
recombinant vector containing the DNA encoding the polypeptide of the present invention can replicate autonomously 
in the bacterium and is a recombinant vector constituted by. at least a promoter, a rtoosome binding sequence, the 
DNA of the present invention and a transcription termination sequence. A promoter controlling gene can also be con- 

30 tained therewith in operable combination. 

[0202] Examples of the expression vectors include a vector plasmid which is replicable in Coryrwbacterium glutami- 
cum, such as pCGI (Japanese Published Unexamined Patent Application No. 13450(V82). pCG2 (Japanese Published 
Unexamined Patent Application No. 35197/83). pCG4 (Japanese Published Unexamined Patent Application No. 
183799/82). pCG11 (Japanese Published Unexamined Patent Application No. 134500/82). pCG116, pCE54 and 

35 pCBI 01 (Japanese Published Unexamined Patent Applcatlon No. 1 05999/83), pCE51 , pCE52 and pCE53 (Mo/. Gen. 
Genet, 19&. 1 75-1 78 (1 984)), and the like; a vector plasmid which is replicable in Escherichia coU, such as pET3 and 
pETII (manufactured by Stratagene). pB/UD, pThk>His and pTrcHis (manufactured by Invitrogen), pKK223-3 and 
pGEX2T (manufactured by Amersham Pharmacia Biotech), and the like; and pBTrp2. pBTacI and pBTac2 (manufac- 
tured by Boehringer Mannheim Co.). pSE2B0 (manufactured by Invitrogen). pGEMEX-1 (manufactured by Promega), 

40 pQE-8 (manufactured by QIAGEN). pKYPIO (Japanese Published Unexamined Patent /^plication No. 110600/83), 
pKYP200 (Agric. Bid. Chem., 4a. 669 (1984)), pLSAI {Agric. Bid. Chem., S3. 277 (1989)), pGELI {Proc. Natl. Acad. 
Set. USA, 82: 4306 (1985)), pBluescript II SK(-) (manufactured by Stratagene), pTrs30 (prepared from Escherichia coli 
JM109/pTrS30 (FERM BP-5407)), pTrs32 (prepared from Escherichia co// JM1 09/pTrS 32 (PERM BP-5408)). pGHA2 
(prepared from Escherichia coli IGH/\2 (FERM B-400), Japanese Published Unexamined Patent Applk:ation No. 

> i Ml 9 Sn W ).MQ I U ' te(M'UM" ' U^^^ ' " ''' ^"" ^' " '' ^ ^ """" * ^ ' Q ' ^ '' P (rcnMOn O i iOO),UuMmmuu Publ i ul i uaU ii uiim i ii ii uriPulu i H 
Application No. 221091/85). pTenn2 (U.S. Patents 4.686.191, 4.939.094 and 5.160,735). pSupex, pUBIIO, pTP5, 
pCI 94 and pEG400 {J. Bacterid., 172. 2392 (1 990)). pGEX (manufactured by Phannacia). pET system (manufactured 
by Novagen). and the like. 

[0203] Any promoter can be used so long as it can function in the host cell. Examples include promoters derived 
50 from Escherichia coli, phage and the like, such as frp promoter (P^ , /ac promoter, Pl promoter. Pr promoter, T7 

promoter and the like Also, artifcially designed and modified promoters, such as a promoter in which two Pfrp are 

linked in series (P^x2) , tac promoter. lacTl promoter tefl promoter and the like, can be used. 

[0204] It is preferred to use a plasmid in which the space k>etween Shine-Dalgamo sequence which is the ribosome 

binding sequence and the initiation codon is adjusted to an appropriate distance (for example, 6 to 18 nucleotides). 
55 [0205] The transcription terminatk>n sequence is not always necessary tor the expression of the DNA of the present 

inventwn. However, it is preferred to aoange the transcriptk>n terminating sequence at just downstream of the structural 

gene. 

[0206] One of ordinary skill in the art will appreciate that the codons of the above-described elements may be opli- 
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mized, in a known manner, depending on the host cells and environnientaJ conditions uti&zed. 

[0207] Examples of the host ceU indude microorganisms belonging to the genus Escherichia^ the genus Sermtia, 
the genus BadBus, the genus Brevitacteffum. the genus Corynebacterium, the genus Micmhacferium, the genus Pseu- 
domonas, and the like. Specific examples indude Escherichia coli XL1 -Blue. Escherichia coli XL2-BJue. Escherichia 

5 CO//DH1. Esc/>enc/vaco* MC1000, Escherichia coM K>C327S, Escherichia coH \N A A85, Escherichia coH JM^ 09, Es- 
cherichia coli HB^O^, Escherichia coii No. Escherichia co6>^3^^0, Escherichia coii NY A9, Escherichia coiiG\69Q , 
Escherichia cof TB1 . Serratia ticaria, Serratia fonticoia, Serratia liquefaderts. Serratia marcescens, BacUkjs subtiiis, 
BacUkjs arnyloHquetadens, Corynebacterium ammonia genes, BfEvibacterium immariophitum ATCC 1 4068, Brevixac- 
teriumsaccharotytjcum ATCC 14066. Corynebacterium glutamicum KTCC 13032. Cofyneewcferium glutarrwcum ATCC 

10 1 3869, Corynebacterium giutamicumAiTCC 1 4067 (prior genus and species: Brevibacterium flavum). Corynebacterium 
giutamicum ATCC 13869 (prior genus and species: Brevibacterium iactofermeotum, or Coryr>ebacterkjm lactofermerh- 
tum), Corynebacterium acetoaddophMum ATCC 13870, Corynebacterium thermoaminogenes PERM 9244. Micrvbao- 
ierium ammontaphMum ATCC 1 5354, Pseudomonas putida, Pseudomonas sp. D-01 1 0. and the like. 
[0208] When Corynebacterium glutamicum or an anak>gous mka-oorganism is used as a host, an EMF necessary 

IS tor expressing the polypeptide is not always contained in the vector so tong as the polynudeotide of the present In- 
vention contains an EMF. When the EMF is not contained in the polynudeotide, it is necessary to prepare the EMF 
separately and ligate it so as to be in operable combinatkjn. Also, when a higher expression amount or specific ex- 
pression regulation is necessary, it is necessary to ligate the EMF corresponding thereto so as to put the EMF in 
operable combination with the polynucleotide. Examples of using an extemally ligated EMF are disclosed in Mtcrobi- 

20 ology, 14^. 1297-1309 (1996). 

[0209] With regard to the method for the introduction of the recombinant vector, any method for introdudng DNA into 
the above-described host cells, such as a method in which a caldum ion is used {Proc. Natl Acad. Set. USA, 69: 21 1 0 
(1972)), a protoplast method (Japanese Published Unexamined Patent Application No. 2483942/88). the methods 
described in Gene, IT. A 07 {^ 982) and Molecular^ Generai Genetics, J6ft 111 (1 979) and the like, can be used. 

25 [0210] When yeast is used as the host cell, examples of the expression vector include pYES2 (manufactured by 
Invitrogen), YEpIS (ATCC 37115). YEp24 (ATCC 37051). YCp50 (ATCC 37419). pHS19. pHSlS. and the like. 
[0211] Any promoter can be used so long as it can be expressed in yeast. Examples include a promoter of a gene 
in the glycolytc pathway, such as hexose kinase and the like, PH05 promoter. PGK promoter, GAP promoter, ADH 
promoter, gal 1 promoter, gat 10 promoter, a heat shock protein promoter, MP al promoter, CUP 1 promoter, and the like. 

30 [0212] Examples of the host cell include mcroorganisms belonging to the genus Saccharomyces, the genus 
Schizosaccharomyces, the genus Kluyveromyces, the genus Trichosporon, the genus Schwanniomyces, the genus 
PicNa, the genus CarnSida and the like. Specifk: examples indude Saccharomyces cerevisiae, Schizosaccharomyces 
pombe, Kluyveromyces lactis, Trichosporon pultulans, Schwanniomyces attuvius, Candida utilis and the like. 
[0213] With regard to the method for the introduction of the recombinant vector, any method for introducing DNA into 

35 yeast, such as an electroporation method {Methods, Enzymoi,, 194: 182 (1990)), a spheroplast method {Proc. Natl. 
Acad. Sci. USA, 75: 1929 (1978)). a lithium acetate method (J. Bacteriot., 15S. 163 (1983)), a method described in 
Proc. Nats. Acad. Set. USA, 75: 1929 (1978) and the like, can be used 

[0214] When animal cells are used as the host cells, examples of the expression vector indude pcDNA3. 1 , pSinRep5 
and pCEP4 (manufactured by Invitorogen), pRev-Tre (manufactured by Clontech), pAxCAwt (manufactured by Takara 
40 Shuzo). pcDNAI and pcDM8 (manufactured by Funakoshi), pAGE107 (Japanese Published Unexamined Patent Ap- 
plk:ation No. 22979/91 ; Cytotechnotogy 3:133 (1990)), pAS3-3 (Japanese Published Unexamined Patent Application 
No. 227075A90). pcDM8 (Nature, 329. 840 (1987)). pcDNAI/Amp (manufactured by Invitrogen), pREP4 (manufactured 
by Invitrogen). pAGE103 (J. Biochem., 101: 1307 (1987)). pAGE210, and the like. 

[0215] Any promoter can be used so long as it can function in animal cells. Examples include a promoter of IE 
M ( lii ii ii LUmiL LUilj) yu i L ul uilu iii uyulu ii iuu (OM i| f), uii uu il i M ' U' i mlm OUnQ. u pimm i l ii i'i l itiii»« i ■ ■■■' »uf I 
lothionein promoter, a heat shock promoter, SRa promoter, and the like Also, the enhancer of the IE gene of human 
CMV can be used together with the promoter 

[0216] Examples of the host cell include human Namalwa cell, monkey COS cell. Chinese hamster CHO cell. 
HST5637 (Japanese Published Unexamined Patent Application No. 299/88). and the like. 
so [0217] The method for introduction of the recombinant vector into animal cells is not partkjularty limited, so long as 
it is the general method for introducing DNA into animal cells, such as an electroporation method {Cytotechnology, 3: 
133 (1990)). a caldum phosphate method (Japanese Published Unexamined Patent Application No. 227075/90), a 
lipofection method {Proc. Natl. Acad. Set. USA, 84, 7413 (1987)), the method descnbed in Vtrofogy. 52 456 (1973), 
and the like. 

55 [0218] When insect ceils are used as the host cells, the polypeptide can be expressed, for example, by the method 
described in Bacurovinis Expression Vectors, A Laboratory Manual. W H Freeman and Company New York (1992), 
Bio/Technoiogy, 6: 47 (1 988), or the like. 

[021 9] SpecirK:a}ly, a recombinant gene transfer vector and bacurovirus are simultaneously inserted into insect cells 
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to obtain a recombinant virus in an Insect cell culture supernatant, and then the insect ceils are infected with the resulting 
recombinant viriis to express the polypeptide. 

[02201 Examples of the gene introducing vector used in the method include pBiueBao4.5. pVL1392, pVL1393 and 

pBlueBadll (manufactured by Invitrogen), and the ike. 
5 [0221 1 Examples of the bacurovims Include Autographa calitomica nuclear polyhedrosis viois with which insects of 

the famHy Barathra are infected, and the like. 

[0222] Examples of the insect cells include Spodoptera frugiperda oocytes Sf9 and Sf21 {Bacvrovinss Expression 
A Laboratory ManuaJ^WM. Freeman and Company. New York (1992)). Tac/jop^L^ia n/ oocyte High 5 (rnanu- 

factured by Invitrogen) and the like. 
10 [0223] The method for simultaneously incorporating the above-described recombinant gene transfer vector and the 

above-descrt>ed bacurovirus for the preparation of the recombinant virus include cak:ium phosphate method (Japanese 

Published Unexamined Patent Applkation No. 227075/90). lipofectwn method (Proc. Natl. Acad. Set, USA, 84: 7413 

(1987)) and the like. 

[0224] When plant cells are used as the host cells, examples of expression vector include a 1\ plasmid, a tobacco 
15 mosaic virus vector, and the like. 

[0225] Any promoter can be used so tong as it can be expressed in plant cells. Examples include 35S promoter of 
cauliflower mosac virus (CaMV). rice actin 1 promoter, and the like. 

[0226] Examples of the host cells include plant cells and the like, such as tobacco, potato, tomato, canrot. soybean, 
rape, alfalfa, rice, wheat, barley, and the like. 

20 [0227] The method for introducing the recombinant vector is not particularly limited, so long as it is the general method 
for introducing DNA into plant cells, such as the Agrobactenum method (Japanese Published Unexamined Patent 
Application No. 140885/84, Japanese Published Unexamined Patent Application No. 70080/85, WO 94/00977), the 
electroporation method (Japanese Published Unexamined Patent Application No. 251887/85), thepartcle gun method 
(Japanese Patents 2606856 and 2517813). and the like. 

25 [0228] The transfomnant of the present invention includes a transformant containing the polypeptide of the present 
inventk>n per se rather than as a recombinant vector, that is. a transformant containing the polypeptide of the present 
inventk>n which is integrated into a chromosome of the host, in addition to the transformant containing the above 
recombinant vector. 

[0229] When expressed in yeasts, animal cells, insect cells or plant cells, a gtycopolypeptide or glycosylated polypep- 
30 Xide can be obtained. 

[0230] The polypeptide can be produced by cutturing the thus obtained transformant of the present invention in a 
culture medium to produce and accumulate the polypeptide of the present invention or any polypeptide expressed 
under the control of an EMF of the present inventk>n, and recovehng the polypeptide from the culture. 
[0231] Culturing of the transformant of the present inventwn in a culture medium is carried out according to the 
35 conventional method as used in cutturing of the host 

[0232] When the transformant of the present invention is obtained using a prokaryote, such as Escherichia cofi or 
the like, or a eukaryote, such as yeast or the like, as the host, the transforn^nt is cultured. 

[0233] Any of a natural medium and a synthetic medium can be used, so long as it contains a carbon source, a 
nitrogen source, an inorganc salt and the like whch can be assimilated by the transformant and can perform culturing 
40 of the transfomnant effciently. 

[0234] Examples of the carbon source include those which can be assimilated by the transformant, such as carbo- 
hydrates (for example, glucose, fructose, sucrose, molasses containing them, starch, starch hydrolysate, and the like), 
organic acids (for example, acetic acid, propionk: acid, and the like), and ateohols (for example, ethanol, propanol. and 
the likeV 

45 [0235] Examples of the nitrogen source include ammonia, various ammonium salts of inorganc acids or organc 
acids (for example, arrvnonium chtoride, ammonium sulfate, ammonium acetate, ammonium phosphate, and the like), 
other nitrogen-containing compounds, peptone, nr^eat extract, yeast extract, com steep liquor, casein hydrolysate. soy- 
bean meal and soybean meal hydrolysate, various fermented cells and hydrotysates thereof, and the like 
[0236] Examples of inorganic salt include potassium dihydrogen phosphate, dipotassium hydrogen phosphate, mag- 
so nesium phosphate, magnesium sulfate, sodium chloride, fen-ous sulfate, manganese sulfate, copper sulfate, cateium 
cartx>nate, and the like. 

[0237] The culturing is earned out under aerobic conditions by shaking culture, submerged-aeration stining culture 
or the like. The culturing temperature is preferably from 15 to 40»C, and the culturing time is generally from 1 6 hours 
to 7 days. The pH of the medium is preferably maintained at 3 0 to 9.0 dunng the culturing. The pH can be adjusted 
55 using an inorganc or organic acid, an alkali solutk)n, urea. cak:ium carbonate, ammonia, or the like 

[0238] Also, antibiotics, such as ampidllin, tetracycline, and the like, can be added to the medium dunng the cultunng, 
if necessary. 

[0239] When a mcroorganism transformed with a recombinant vector containing an inducible promoter is cultured. 
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an inducer can be added to the medium, if necessary. 

[0240] For example, isopropyl-^Othiogalactopyranosjde (IPTG) or the like can be added to the medium when a 
microorganism transfomied with a recombinant vector containing lac promoter is cultured, or indoleacrytic acid (lAA) 
or the like can by added thereto when a microorganism transfomied with an expression vector containing trp promoter 
5 is cultured. 

[0241] Examples of the medium used in cutturing a transfom^ant obtained using animal cells as the host cells include 
RPMI 1640 medium (The Joumai of the Amerk:an Medkxl Assocation, 199. 519 (1967)). Eagle's MEM medium {Sci- 
ence, 122: 501 (1 952)), Dulbecco's modified MEM medium ( Virology, 8, 396 (1 959)), 1 99 Medium (ProceeiSng of the 
Society lor the Biological Medicine, 73:1 (1950)),theabove-descnbedmediato which fetal calf senim has been added, 
10 and the like. 

[0242] The culturing is carried out generally at a pH of 6 to 8 and a temperature of 30 to 40*C in the preserx^e of 5% 
CO2 for 1 to 7 days. 

[0243] Also, if necessary, antibiotics, such as kanamycin, pencillin, and the like, can be added to the medium during 
the cultuhng. 

15 [0244] Examples of the medium used in culturing a transformant obtained using insect cells as the host cells include 
TNM-FH medium (manufactured by Pharmingen), Sf-900 II SFM (manufactured by Life Tech nok>gies), ExCell 400 and 
ExCell 405 (manufactured by JRH Biosciences), Grace's Insect Medium (Nature, 195: 788 (1962)), and the like. 
[0245] The culturing is carried out generally at a pH of 6 to 7 and a temperature of 25 to 30*C for 1 to 5 days. 
[0246] Additk>nally, antiblotks, such as gentamcin and the like, can be added to the n^edium during the culturing, If 

^ necessary. 

[0247] A transfomant obtained by using a plant cell as the host cell can be used as the cell or after differentiating 
to a plant cell or organ. Examples of the medium used in the cutturing of the transformant include Murashige and Skoog 
(MS) medium. White medium, media to which a plant hormone, such as auxin, cytokinine, or the like has t>een added, 

and the like. 

25 [0248] The culturing is carried out generally at a pH of 5 to 9 and a temperature of 20 to 40*C for 3 to 60 days. 

[0249] Also, antibiotics, such as kanainycin, hygronnycin and the like, can be added to the medium during the cul- 
turing, if necessary. 

[0250] As descrit>ed above, the polyp>eptide can be produced by culturing a transformant derived from a mk:roor- 
ganism, animal cell or plant cell containing a recombinant vector to whch a DNA encoding the polypeptide of the 
30 present invention has been inserted according to the general cutturing method to produce and accumulate the polypep- 
tide, and recovering the polypeptide from the culture. 

[0251] The process of gene expressk>n may include secretion of the erx:oded protein production or fusion protein 
expression and the like in accordance with the methods described in Moiecuiar CJontng, 2nd ed., in addition to direct 
expression. 

35 [0252] The method for producing the polypeptide of the present invention includes a method of intracellular expres- 
sion in a host cell, a method of extracellular secretk>n from a host cell, or a method of productk>n on a host cell membrane 
outer envelope. The method can be selected by changing the host cell employed or the stmcture of the polypeptide 
produced. 

[0253] When the polypeptide of the present invention is produced in a host cell or on a host cell membrane outer 
^ envelope, the polypeptide can be positively secreted extracellularty according to, for example, the method of Paulson 
et at. {J. Biol. Chem., 264: 17619 (1989)), the nr>ethod of Lowe et ai {Proc. Natl. Acad. Set. USA, 86 8227 (1989); 
Genes Develop., 4: 1288 (1 990)). and/or the methods described in Japanese Published Unexamined Patent Application 
No. 336963/93, WO 94/23021 . and the like. 

[0254] Specifically, the polypeptide of the present invention can be positively secreted extracellularty by expressing 

*j I I III L ii y lu i i ii mm u y i Hfim {lypi i oe nys whih hbmm ip m i g r eg r Bunq 8 i a pfl i ypftpuafi g6B ! &iMRg aw &ff^ &y \hk 

polypeptide of the present ir)vention according to the recombinant DNA technique. 

[0255] Furthermore, the arTK>unt produced can be increased using a gene amplification system, such as by use of 
a dihydrofolate reductase gene or the like according to the method described in Japanese Published Unexamined 
Patent Application No. 227075/90. 
50 [0256] Moreover, the potypeptkje of the present invention can be produced by a transgene animal individual (trans- 
genic nonhuman animal) or plant indivkJual (transgenic plant). 

[0257] When the transfonnant is the animal indivkjual or plant individual, the polypeptide of the present inventk>n 
can t>e produced by breeding or cultivating rt so as to produce and accumulate the polypeptide, and recovering the 
polypeptkle from the animal individual or plant indivkjual. 
55 [0258] Examples of the method for producing the polypeptide of the present invention using the animal individual 
include a method for producing the polypeptide of the present invention in an animal developed by inserting a gene 
according to methods known to those of ordinary skill in the art {American JoumaJof Clinical Nutrition, 63: 639S (1 996), 
American Journal of CUnical Nutrition, 63. 627S (1996), BioTTechnoiogy, 9. 830 (1991)). 
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[0259] In the animal individual, the polypeptide can be produced by breeding a transgenic nonhunnan animal to which 
the DNA encoding the polypeptide of the present invention has been inserted to produce and accumulate the polypep- 
tide in the anrnaJ, and recovedng the polypeptide from the animal. Examples of the production and aocumutation place 
in the animal include milk (Japanese Published Unexamined Patent Application No. 309192/88), egg and ttie ike of 
3 the aninr^al. Any promoter can be used, so tong as It can be expressed in the animal. Suitable examples include an a- 
casein promoter, a 0-casein promoter, a ^lactoglobulin promoter, a whey addc protein promoter, and the like, whch 
are specifc for mammary glandular cells. 

[0260] Examples of the method for producing the polypeptide of the present invention using the plant individual 
include a method for producing the polypeptide of the present invention by cultivating a transgenk: plant to which the 
10 DNA encoding the protein of the present invention by a known method ( Tissue Culture, 20 (1 994), Tissue Culture, 21 
(1 994), Trends in Bk>techr}ology, IS: AS (1997)) to produce and accumulate the polypeptide in the plant, and recovering 
the polypeptide from the plant. 

[0261] The polypeptide according to the present invention can also be obtained by translation in vitra 

[0262] The polypeptMe of the present invention can be produced by a translation system in vitro. There are. for 

15 example, two in vitro translation methods whk:h may be used, namely, a method using RNA as a template and another 
method using DNA as a template. The template RNA includes the whole RNA, mRNA. an /n vrfro transcription product, 
and the like. The template DNA irKdudes a plasmid containing a transcriptional promoter arnJ a target gene integrated 
therein and downstream of the initiation site, a PCR/RT-PCR product and the like. To select the most suitable system 
for the in vitro translation, the origin of the gene encoding the protein to be synthesized (prokaryotc cell/eucaryotc 

20 celO. the type of the template (DNA/RNA), the purpose of using the synthesized protein and the like shouW be conskl- 
ered. In vitro translation kits having various characteristics are connmerciaily available from many conpanies (Boe- 
hringer Mannheim. Promega, Stratagene. or the like), and every kit can be used in producing the polypeptide according 
to the present invention. 

[0263] TranscriptionAranslation of a DNA nucleotide sequence cloned into a piasmid containing a T7 promoter can 
25 be carried out using an in Wf/o transcription/translation system E. coliT? S30 Extract System for Circular DNA (nr«n- 
ufactured by Promega, catalogue No. L1130). Also, transcnpliorvlranslation using, as a template, a linear prokaryotic 
DNA of a supercoil non-sensitive promoter, such as /adJVS, fac, XPL(con), XPL. or the like, can be carried out using 
an in wifrotranscriptionAranslation system E, co// 330 Extract System for Linear Templates (manufactured by Promega, 
catalogue No. LI 030). Examples of the linear prokaryotic DNA used as a template include a DNA fragment, a PCR- 
30 amplified DNA product, a duplcated oligonudeotkie ligation, an in vitro transcriptional RNA, a prokaryotic RNA. and 
the like. 

[0264] In addition to the productk>n of the polypeptide according to the present invention, synthesis of a radioactive 
labeled protein, confimriation of the expression capability of a cloned gene, analysis of the function of transcriptional 
reaction or translation reactk>n, and the like can be carried out using this system. 

35 [0265] The polypeptide produced by the transformant of the present invention can be isolated and purified using the 
general method for isolating and purifying an enzyme. For example, when the polypeptide of the present invention is 
expressed as a soluble product In the host cells, the cells are collected by centrifugation after cultivation, suspended 
in an aqueous buffer, and disrupted using an uttrasoncator, a French press, a Manton Gaulin homogenizer. a Dynomill, 
or the like to obtain a cell-free extract From the supernatant obtained by centrifuging the cell-free extract, a purified 

^ product can be obtained t>y the general method used for isolating and purifying an enzyme, for example, solvent ex- 
traction, salting out using amrrionium sulfate or the like, desalting, precipitation using an organic solvent, anion ex- 
change chromatography using a resin, such as diethylaminoethyl (DEAE)-Sepharose, DIAION HPA-75 (manufactured 
by Mitsubishi Chemk:al) or the like, cation exchange chromatography using a resin, such as S-Sepharose FF (manu- 
factured by Pharmacia) or the like, hydrophobe chromatography using a rosin, such as butyl sepharose, phenyl sepha- 

^ l uS B ui u ie lin e , y ci III ubi i u i i uamy a iii u l LLu l m jfc. i t. uf Hi i i ii u ii u iii muymp i ii, ui i u i miufmuj i iiy. u i l I lui i um Ii u i ljU. 
such as isoelectronic focusing or the like, alone or in combination thereof. 

[0266] When the polypeptide is expressed as an insoluble product in the host cells, the cells are collected in the 
same nr^anner, disrupted and centrrfuged to recover the insoluble product of the polypeptide as the precipitate fraction. 
Next, the insoluble product of the polypeptide is solubilized with a protein denatunng agent. The solubilized solution 
50 is diluted or dialyzed to k>¥^ ttie corK»ntratk>n of the protein denaturing agent in the solution. Thus, the normal con- 
figuratk>n of the polypeptide is recoristituted. After the procedure, a purified product of the polypeptide can be obtained 
by a purif cation/isolation method similar to the above. 

[0267] When the polypeptkle of the present inventk>n or its derivative (for example, a polypeptide fomned by adding 
a sugar chain thereto) is secroted out of cells, the polypeptide or its derivative can be collected in the culture supematant. 
55 Namely, the culture supematant is obtained tjy treating the culture medium in a treatment srmilar to the at>ove (for 
example, centrifugation). Then, a purified product can be obtained from the culture medium using a purtficatk)ri/isolation 
method similar to the above. 

[0268] The polypeptide obtained by the above method is within the scope of the polypeptide of the present invention, 
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and examples indude a polypeptide encoded by a polynucleotide comprising the nucleotide sequence selected from 
SEQ ID NOS:2 to 3431 , and a polypeptide comprising an amino acid sequence represented by any one of SEQ ID 

NOS:3502tD6931. 

[0269] Furthermore, a polypeptide comprising an amino add sequefx» in which at least one amino adds is deleted. 

5 replaced, inserted or added in the amino add sequerKe of the polypeptide and having sut>stantiai!y the same activity 
as that of the polypeptide is included in the scope of the present invention. The temi *sut)stantially the same activity 
as that of the polypeptide' means the same activity represented by the inherent function, enzyme activity or the like 
possessed by the polypeptide which has not t>een deleted, replaced, inserted or added. The polypeptide can be ob- 
tained using a method tor introducing part-specific mutation(s) described in, for example. Molecutar Cloning, 2nd ed., 

10 Cun^entPmtoco^sinK4ofecuiarBk)k>gy,Nuc.Ackis. 10.6487 (^ 982), Proc, Natt, Acad. Sd, USA, 79. S409 (1902). 
Gene, 34: 315 (1985), Nuc. Adds. Res., tS: 4431 (1985), Pruc NatL Acad. Sd. USA 82 488 (1985) and the like. For 
example, the polypeptide can be obtained t>y introducing mirtation(s) to DMA encoding a polypeptide having the amino 
acid sequerx^e represented by any one of SEQ ID NOS:3502 to 6931 . The numt>er of the amino acids whk:h are deleted, 
replaced. Inserted or added is not particularly limited; however, it is usually 1 to the order of tens, preferably 1 to 20, 

IS more preferably 1 to 10, and nrK>st preferably 1 to 5, amino acids. 

[0270] The at least one amino acid deletion, replacement, insertion or addition in the amino acid sequer)ce of the 
polypeptkie of the present invention is used herein to refer to that at least one amino acid is deleted, replaced, inserted 
or added to at one or plural positions in the amino acid sequence. The deletion. repl€K»ment, insertion or addition may 
be caused in the same amino acid sequence simultaneously. Also, the amino acid residue replaced, inserted or added 

20 can be natural or non-natural. Examples of the natural amino acid residue include L-alanine, L-asparagine, L-asparatic 
acid, L-glutamine, L-glutamic acki, glycine, L-histidine, L-isoleucine, L-leucine, L-tysine, L-methionine, L-phenylalanine, 
L-proline, L-serine, L4hreonine. L-tryptophan, L-tyrosine, L-vaJine, L-cysteine. and the like. 

[0271] Herein, examples of amino acid reskiues whk:h are replaced with each other are shown below. The amino 
acid residues in the same group can be replaced with each other. 

25 

Group A: 

[0272] leucine, isoleucine, norteucine. valine, norvaline. alanine, 2-aminobutanoic acid, methionine. O-methylserine, 
t-butylglycine, t-butylalanine, cydohexylalanine; 

30 

Group B: 

[0273] asparatic acid, glutamk: acid, isoasparatic acki. isoglutamc acid, 2-aminoadipc acid, 2-aminosuberic acid; 
35 Group C: 

[0274] asparagine, glutamine; 
Group D: 

40 

[0275] lysine, arginine, ornithine, 2.4-diaminobutanok: acid, 2.3-diaminopropionk; acid; 
Group E: 

[ > IM1 p i ul iii L. 8 ii|Uiux|M i u lii m. < l i jiJ i uxjMm 'i "u. 
Group F: 

[0277] serine, threonine, homoserine; 

50 

Group G: 

[0278] phenylalanine, tyrosine. 

[0279] Also, in orderthatthe resulting mutant polypeptkie has substantially the same activity as that of the polypeptide 
55 whk:h has not been mutated, it is prefen^ed that the mutant polypeptide has a homology of 60% or more, preferably 
80% or more, and partknjiarty preferably 95% or nr^ore. with the polypeptide whch has not been mutated, when calcu- 
lated, for example, using default (initial setting) parameters t>y a homology searching software, such as BLAST, FASTA. 
or the like. 
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[0280] Also, the polypeptide of the present invention can be produced by a checnical synthesis method, such as 
Fmoc (fluorenyimethyloxycajbonyf) method. iBoc (t-botytoxycarbonyf) method, or the like. It can also be synthesized 
using a peptide synthesizer manufactured by Advanced ChemTech. Pertdn-Elmer. Pharmacia. Protein Technology 
Instmment. Synthecell-Vega, PerSeptive. Shimadzu Corporation, or the like. 
5 [0281 1 The transtormant of the present irrvention can be used for objects other than the productk)n of the potypeptide 
of the present invention. 

[0282] SpecTicaily, at least one component selected from an amino add. a nucleic actd. a vitamin, a sacchande, an 
organk: acid, and analogues thereof can be produced by culturing the transfomnant containing the polynucleotide or 
recombinant vector of the present invention in a medium to produce and accumulate at least one component selected 
10 from amino acids, nuclei acids, vitamins, saccharides, organic acids, and analogues thereof, and recovering the same 
from the medium. 

[0283] The biosynthesis pathways, decomposition pathways and regulatory nr>echanisms of physk>logcally actrve 
substances such as amino acids, nudek; ackls. vrtamins, saccharides, organc acids and analogues thereof differ from 
organism to organism. The productivity of such a physiologicalty active substance can be improved using these differ- 

f 5 ences. speciffeaWy by introducing a heterogeneous gene relating to the biosynthesis thereof. For example, the content 
of lysine, whk:h is one of the essential amino acids, in a plant seed was improved by introducing a synthase gene 
derived from a bacterium (WO 93/1 91 90). Also, arginine is excessively produced in a culture by introducing an arginine 
synthase gene derived from Escherichia coS (Japanese Examined Patent Publk=ation 23750/93). 
[0284] To produce such a physiologically active substance, the transformant according to the present invention can 

20 be cultured by the same method as employed in cultunng the transformant for producing the potypeptide of the present 
inventwn as described above. Also, the physiologically active substance can be recovered from the culture nr>edium 
in combination with, for example, the wn exchange resin n>ethod. the precipitation method and other known methods. 
[0285] Examples of methods known to one of ordinary skill in the art include electroporation. calcium transfection, 
the protoplast method, the method using a phage, and the like, when the host is a bacterium; and microinjection, 

25 calcium phosphate transfection, the positively charged lipid-mediated method and the method using a vims, and the 
like, when the host is a eukaryote {hSotecutar Cioning, 2nd ed ; Spector et al., Celis/a laboratory manual. Cold Spring 
Harbour Laboratory Press, 1998)). Examples of the host include prokaryotes, lower eukaryotes (for example, yeasts), 
higher eukaryotes (for example, mammals), and cells isolated therefrom As the state of a recombinant polynucleotkJe 
fragment present in the host ceils. It can be integrated into the chromosome of the host. Attematively, it can be integrated 

30 into a factor (for example, a plasmid) having an independent replication unit outside the chromosome. These trans- 
formants are usable in producing the polypeptides of the present invention encoded by the ORF of the genome of 
Corynebacterium glutamicum, the polynucleotides of the present invention and fragments thereof. Alternatively, they 
can be used in producing artaitrary polypeptides under the regulatk>n by an EMF of the present invention. 

35 11 . Preparation of antibody recognizing the polypeptide of the present inventkjn 

[0286] An antibody whch recognizes the polypeptide of the present invention, such as a polyclonal antibody, a rrwn- 
oclonal antibody, or the Nke.can be produced using, as an antigen, a purtfied product of the polypeptide of the present 
inventton or a partial fragment polypeptide of the potypeptide or a peptide having a partial amino acid sequence of the 
40 polypeptkje of the present invention. 

(1 ) Production of polyclonal antit>ody 

[0287] A polydonal antibody can be produced using, as an antigen, a purified product of the polypeptide of the 
nj piyi^tf ii u il we il l l UM.upa i UgM l By ilie MlMU l lpLpi l i^u f ll i Lpu l iMtMi l UL.u i upLpilUL | [ui iii yuMUil i mm"'"""^ ' ^J" ' -MUUiuL 
of the polypeptide of the present invention, and immunizing an animal with the same. 

[0288] Examples of the aninnal to be immunized include rabbits, goats, rats, mice, hamsters, chckens and the like. 
[0289] A dosage of the antigen is preferably 50 to 100 ^g per animal. 

[0290] When the peptide is used as the antigen, it is preferably a peptide covalently bonded to e carrier protein, such 
so as keyhole limpet haemocyanin, bovine thyroglobulin, or the like. The peptide used as the ant.gen can be synthesized 
by a peptide synthesizer. 

[0291] The administration of the antigen is, for example, carried out 3 to 10 times at the intervals of 1 or 2 weeks 
after the first administration. On the 3rd to 7th day after each administration, a blood sample is collected from the 
venous plexus of the eyeground, and it is confirmed that the serum reacts with the antigen by the enzyme immunoassay 
55 {Enzyme-linked Immunosorbent Assay (EUSA), Igaku Shorn (1 976) ; Antibodies - A Laboratory Manual, Cold Spnng 
Hart>or LatK>ratory (1 988)) or the like. 

[0292] Serum is obtained from the immunized non-human mammal with a sufficient antibody trter against the antigen 
used for the immunization, and the serum is isolated and purified to obtain a polydonal antibody. 
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[0293] Examples of the method for the isolation and purification indude centntugation, salting out by 40-60% satu- 
rated ammonium sulfate, capryHic add preaprtation [Antibodies. A LatxxBtofy manual, CokS Spring Hartw Laboratory 
(1988)), or chromatography using a DEAE-Sepharose column, an anion exchange column, a protein A- or G-column, 
a gel filtration column, and the like, atone or in conibinatk>n thereof, by methods known to those of ordinary skll in the art. 

5 

(2) Production of monoclonal antibody 

(a) Preparalk)n of antibody-producing ceH 

10 [0294] A rat having a serum showing an enough antibody titer against a partial fragnr^ent polypeptide of the polypep- 
tkje of the present invention used for immunization is used as a supply source of an antibody -produdng cell. 
[0295] On the 3rd to 7th day after the antigen substance is finally administered the rat showing the antit>ody titer, the 
spleen is excised. 

[0296] The spleen is cut to pieces In MEM medium (manufactured by Nissui Pharmaceutical), toosened using a pair 
15 of forceps, foltowed by centrtfugation at 1 ,200 rpm for 5 minutes, and the resulting supernatant is discarded. 

[0297] The spleen in the prectprtated fraction is treated with a Tris-amnr>onium chloride buffer (pH 7.65) for 1 to 2 
minutes to eliminate erythrocytes and washed throe times with MEM medium, and the resulting spleen cells are used 
as antibody-producing cells. 

50 (b) Preparatk>n of myeloma cells 

[0298] As myeloma cells, an established cell line obtained from mouse or rat is used. Examples of useful cell lines 
indude those derived from a nr>ouse, such as P3-X63Ag8-U1 (hereinafter referred to as 'P3-\J^ •) {Curr. Topics in Micro- 
biol. Immunol., 81: 1 (1978); Europ. J, Immunol,, 6: 511 (1976)): SP2/0-Agl4 (SP-2) {Nature, 27e 269 (1978)): 

25 P3-X63-Ag8653 (653) (J. Immunol., 723: 1548 (1 979)); P3*X63-Ag8 (X63) cell line {Nature, 25e. 495 (1 975)), and the 
like, whkjh are 8-azaguanine-resi5tant mouse (BALB/c) myeloma ceil lines. These cell lines are subcultured in 8-aza- 
guanine medium (medium in whkrf). to a medium obtained by adding 1.5 rrwnol/l glutamine, 5x1 0"* mol/I 2-mercap- 
toethanol, 10 ngMil gentamk^n and 10% fetal caff serum (PCS) (manufactured by CSL) to RPMI-1640 medium (here- 
inafter referred to as the "nomnal medium'). 8-azaguanine is further added at 15 jig/ml) and cultured in the normal 

30 medium 3 or 4 days l>efore cell fusk>n, and 2x 1 0^ or more of the cells are used for the f uston. 

(c) Production of hybridoma 

[0299] The antibody-producing cells obtained in (a) and the myeloma cells obtained In (b) are washed with MEM 
35 medium or PBS (disodium hydrogen phosphate: 1.83 g. sodium dihydrogen phosphate: 0.21 g. sodium chloride: 7.65 
g, distilied water 1 liter, pH: 7.2) and mixed to give a ralk) of antibody-producing cells : myeloma cells = 5 : 1 to 10 : 
1 , folk>wed by centrtfugation at 1 ,200 rpm for 5 minutes, and the supernatant is discarded. 

[0300] The cells in the resulting precipitated fraction were thoroughly loosened, 0.2 to 1 ml of a mixed solution of 2 
g of polyethylene glycol-1000 (PEG-1000). 2 ml of MEM medium and 0.7 ml of dimethyisutf oxide (DMSO) per 10« 

40 antit>ody-producing cells is added to the cells under stirring at 37'C, and then 1 to 2 ml of MEM medium is further 
added thereto several times at 1 to 2 minute intervals. 

[0301] After the additwn, MEM medium is added to give a total amount of 50 ml. The resulting prepared solution is 
centrtfuged at 900 rpm for 5 minutes, and then the supernatant is discarded. The celts in the resulting precipitated 
frac tion were gently loosened and then gently suspended in 100 ml of HAT medium (the normal medium to whksh 10^ 

41 mol/l hypoxanlhlne, \ .txllJ-* moW thymidine and 4lx!1B-' mBPTaffiifioptenn nave BeerTSSBeo) oy repeaieffWawir?^ 
up Into and discharging from a measuring pipette. 

[0302] The suspension is poured into a 96 well culture plate at 1 00 ^ily^well and cultured at ST'C for 7 to 14 days in 
a 5% CO2 incubator. 

[0303] After cutturing. a part of the culture supematant is recovered, and a hybridoma which specifically reacts with 
so a partial fragment polypeptide of the polypeptide of the present invention is selected according to the enzyme immu- 
noassay described in Antibodies, A Laboratory manual. Cold Spring Harbor Laboratory. Chapter 14 (1 998) and the like. 
[0304] A specify example of the enzyme inrYnunoassay is descrit>ed below. 

[0305] The partial fragment polypeptide of the polyp>eptide of the present invention used as the antigen in the immu- 
nization is spread on a suitable plate, is allowed to react with a hybridoma culturing supematant or a purified antibody 
55 obtained in (d) described below as a first antbody, and is further allowed to react with an anti-rat or anti-mouse immu- 
noglobulin antibody labeled with an enzyme, a chenvcal luminous substance, a radioactive substance or the like as a 
second antibody for reactk>n suitable for the labeled substance. A hybridoma whch specifically reacts with the polypep- 
tkie of the present invention is selected as a hybridoma capable of producing a rrwnoclonal antibody of the present 
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invention. 

[0306] Cloning is repeated using the hybridoma twice by iimiting dilution analysis (HT medium (a medium in which 
aminoptonn has been removed from HAT medium) is firstly used, and the normal medium is secondly used), and a 
hybridoma which is stable and contains a sufficient amount of antitx>dy titer is selected as a hybridoma capable of 
3 producing a monoclonal antibody of the present invention. 

(d) Preparation of morxxdonal antt>ody 

[0307] The nrx>nock>nal anttoody-produang hybridoma cells obtained in (c) are injected intraperitoneal ly into 8- to 
10 1 0-week-old mice or nude mice treated with pristane (intraperitoneal administration of 0.5 ml of 2,6. 10,1 4-tetrameth- 
ylpentadecane (pristane). followed by 2 weeks of feeding) at 5x10* to 20x10* cells/animal. The hyt>ridoma causes 
ascites tumor in 1 0 to 21 days. 

[0308] The ascttk: fluid is collected from the mice or nude mice, and centrif uged to remove solid contents at 3000 
rpm for 5 minutes. 

'5 [0309] A monoclonal antibody can be purified and isolated from the resulting supernatant aocordirig to the method 
similar to that used in the polyclonal antibody. 

[0310] The subclass of the antibody can be determined using a mouse monoclonal antibody typing kit or a rat rTX>r>- 
odonal antibody typing kit. The polypeptkle amount can be detenntned by the Lowry method or by calculation based 
on the absorbance at 280 nm. 

20 [0311] The anttoody obtained in the above is within the scope of the antibody of the present invention. 

[0312] The antibody can be used for the general assay using an antibody, such as a radioactive material labeled 
immunoassay (RIA), competitive binding assay, an immunotissue chemk:al staining method (ABC method, CSA meth- 
od, eft:.), immunoprecipitatton, Western blotting, ELISA assay, and the like {An iniroduction to Radioimmunoassay and 
Rotated Techniques, Elsevier Science (1986); Techniques in Immunocytochemistry, Academe Press. Vol. 1 (1982), 

25 Vol . 2 ( 1 983) & Vol . 3 ( 1 985) ; Practice and Theory of Enzyme Immunoassays, Elsevier Science ( 1 985); Enzyme-linked 
Immunosortfent Assay (ELiSA), Igaku Shoin (1976) ; Antibodies - A Latx>ratory Manual, Cold Spring Harixjr laboratory 
(1 988); MofKtckx^al Antibody Experiment hAanual, Kodansha Scientific (1987); Secorni Series Biochemical Experiment 
Course, Vol. 5, Immunobiochemistry Research Method. Tokyo Kagaku Dojin (1986)) 
[0313] The antt>ody of the present invention can be used as rt is or after being labeled with a label. 

30 [0314] Examples of the label include radioisotope, an affinity label (e.g., biotin, avidin, or the like), an enzyme label 
(e.g.. horseradish peroxidase, alkaline phosphatase, or the like), a fluorescence label (e.g.. FITC, rhodamine, or the 
like), a label using a rhodamine atom, (J. Histochem. Cytochem., ia. 315 (1970); Meth. Enzym., 6^. 308 (1979); Im- 
munol., 109. 129 (1972); J. Immunol., Meth., 1^. 215 (1979)), and the like. 

[0315] Expression of the polypeptkie of the present invention, fluctuation of the expression, the presence or absence 
35 of Structural change of the polypeptide, and the presence or absence in an organism other than coryneform bacteria 
of a polypeptide corresponding to the polypeptkie can be analyzed using the antibody or the labeled antibody by the 
above assay, or a polypeptkie array or proteonne analysis described t>elow. 

[0316] Furthermore, the polypeptide recognized tiy the antltxxjy can be purified by immunoaffinity chromatography 
using the antibody of the present invention. 

12. Production and use of polypeptkie array 

(1) Production of polypeptide array 

I f [ >8tT | A Mu l JMUM^t^u mmj p \Mtm%%t ■siii j Mil ptl j p Mli ii ■< Un ^i wi i l iiiis M itii i ih la i w i i n »is rt tis 

item 10 or the antibody of the present invention obtained in the above item 11 . 

[0318] The polypeptkie array of the present invention includes protein chips, and comprises a solid support and the 
polypeptkje or antibody of the present inventk>n adhered to the surface of the solid support. 

[0319] Examples of the solid support include plastk: such as polycarbonate or the tike; an acrylic resin, such as 
so polyacrylamkje or the like; complex cart>ohydrates, such as agarose, sepharose, or the like; silica; a silk:a-based ma- 
terial, carbon, a metal, inorganic glass, latex beads, and the like. 

[0320] The polypeptkjes or antibodies according to the present invention can be adhered to the suriace of the solid 
support according to the method described in Biotechniques, 27: 1258-61 (1 999); Molecular Medicine Today 5 326-7 
(1999); Han<A>ook of Experimental lmmun€>logy 4th edition, Blackwell Scientific Publcations, Chapter 10 (1986); Meth. 
55 Enzym., 34 (1974); Advances in Experimental Medicine and Biology, 42 (1974); U.S. Patent 4.681 ,870; U.S. Patent 
4,282.287; U S Patent 4,762,881 . or the like. 

[0321] The analysis described herein can be efficientty performed by adhenng the polypeptide or antibody of the 
present inventk>n to the solid support at a high density, though a high fixation density is not always necessary. 
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(2) Use of polypeptide array 

[0322] A polypeptide or a compound capable of binding to and interacting with Itie polypeptides of the present ir>- 
vention adhered to the array can be identified using the polypeptide array to which the polypeptides of the present 
5 invention have been adhered thereto as described in the above (1 ). 

[0323] Specifically, a polypeptide or a compound capable of binding to and interacting with the polyp)eptides of the 
present invention can be identified by subjecting the polypeptides of the present invention to the following steps (i) to Ov): 

(i) preparing a polypeptide array having the polypeptide of the present invention adhered thereto by the nr>ethod 
10 of the above (1); 

(li) incubating the polypeptide imnrx>btlized on the polypeptide anBy together with at least one of a second polypep- 
tide or connpound; 

(iii) detecting any corr^lex formed between the at least one of a second polypeptide or compound and the polypep- 
tide imrTK>biiized on the array usir>g, for example, a label bound to the at least one of a second polypeptide or 

15 compound, or a secondary label which specificaJly binds to the complex or to a component of the complex after 

unbound material has been removed; and 

(iv) analyzing the detection data. 

[0324] Specif *c examples of the polypeptide array to which the polypeptide of the present invention has been adhered 
so include a polypeptide an-ay containing a solid support to which at least one of a polypeptide containing an amino acid 
sequence selected from SEQ ID NOS:3502 to 7001 , a polypeptide containing an amino acid sequence in which at 
least one amino acids is deleted, replaced, inserted or added in the amino acid sequence of the polypeptide and having 
substantially the same activity as that of the polypeptide, a polypeptide containing an amino acid sequence having a 
homology of 60% or nnore with the amino acid sequences of the polypeptide and having substantially the same actfvrty 
25 as that of the polypeptides, a partial fragment polypeptide, and a peptide comprising an amino acid sequence of a part 
of a polypeptide. 

[0325] The amount of production of a polypeptide derived from coryneform bacteria can be analyzed using a polypep- 
tide array to which the antibody of the present invention has been adhered in the above (1). 

[0326] Specifically, the expression amount of a gene derived from a mutant of corynefonn bacteria can be analyzed 
30 by subjecting the gene to the following steps (0 to (iv): 

(0 preparing a polypeptide array by the method of the above (1); 

(ii) incubating the polypeptide array (the first antibody) together with a polypeptide derived from a mutant of co- 
ryneform bacteria; 

35 (ill) detecting the polypeptide bound to the polypeptide immobilized on the an-ay using a labeled second antibody 

of the present invention; and 
(iv) analyzing the detection data. 

[0327] Spectfic examples of the polypeptide array to which the antbody of the present invention is adhered include 
40 a polypeptide array comprising a solid support to which at least one of an antibody which recognizes a polypeptide 
comprising an amino acid sequence selected from SEQ ID NOS;3502 to 7001, a polypeptide comprising an amino 
acid sequence in which at least one amino adds is deleted, replaced, inserted or added in the amino acid sequence 
of the polypeptide and having substantially the same activity as that of the polypeptide, a polypeptide comprising an 
amino acid sequer>ce having a homology of 60% or more with the amino acid sequences of the polypeptide and having 
^ bUUiia i liHIi y me M IIB BLU I UI BJ UIMI u p II i l mu I iMLPUiX^. u muUH I ImymLiU mu I imlmUUl. u i u pm i ^u uuupi i u i ni u ii 
amino acid sequence of a part of a polypeptide. 

[0328] A fluctuation in an expression amount of a specific polypeptide can be monitored using a polypeptide obtained 
in the time course of culture as the polypeptide derived from coryneform bacteria. The culturing conditions can be 
optimized tyy analyzing the fluctuation. 
50 [0329] When a polypeptide derived from a mutant of coryneform bacteria is used, a mutated polypeptide can be 
detected. 

13. Identification of useful mutation in mutant by proteome analysis 

55 [0330] Usually, the proteome is used herein to refer to a metiiod wherein a polypeptide is separated by twodimen- 
sional electrophoresis and the separated polypeptide is digested with an enzyme, followed by identification of the 
polypeptide using a mass spectrometer (MS) and searching a data base. 

[0331] The two dimensional electrophoresis means an electrophoretic method which is perfomned by combining two 
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electrophoretic procedures having different principles. For example, polypeptides are separated depending on molec- 
ular weight in the primary electrophoresis. Next, the gel is rotated t>y 90» or 180* and the secondary electrophoresis 
is carried out depending on isoelectric point. Thus, various separation patterra can be achieved (JIS K 3600 2474). 
[0332] In searching the data base, the amino acid sequence information of the polypeptides of the present invention 
5 and the recording medium of the present invention provide for in the above items 2 and B can be used. 

[0333] The proteome analysis of a corynefomi bacterium and its mutant makes It possible to identify a polypeptide 
showing a fluctuation therebetween. 

[0334] The proteome analysis of a wild type strain of coryneform bacteria and a production strain showing an im- 
proved productivfty of a target product makes rt possible to effkaently kJentity a mutatwn protein which is useful in 

10 breeding for improving the productivity of a target product or a protein of whk:h expression amount is fluctuated. 

[0335] Specif k»l^y, a wild type strain of coryr^eform bacteria and a lysine-produdng strain thereof are each subjected 
to the proteome analysis. Then, a spot increased in the lysine-productng strain, compared with tt>e wild type strain, is 
found and a data base is searched so that a polypeptide showing an increase in yieW in accordance with an increase 
In the lysine productivity can be klentmed. For example, as a result of the proteome analysis on a wiW type strain and 

15 a »ysine-producing strain, the productivity of the catalase having the amino acid sequence represented by SEQ ID NO: 
37B5 is increased in the lysine-producing mutant. 

[0336] As a result that a protein having a high expression level is identified t>y proteome analysis using the nudeotkje 
sequence information and the amino add sequence information, of the genome of the coryneform bacteria of the 
present invention, and a recording medium storing the sequences, the nucleotide sequence of the gene encoding this 
so protein and the nucleotide sequence in the upstream thereof can be searched at the same time, and thus, a nucleotkje 
sequence having a high expression promoter can be effk^ientty selected. 

[0337] In the proteome analysis, a spot on the two-dimentk>nal electrophoresis gel showing a fluctuation is sometimes 
derived from a modified protein. However, the nrK>dif ied protein can be efficiently identified using the recording nr^ium 
storing the nucleotide sequence information, the amino acid sequence information, of the genome of coryneform bac- 

25 teria. and the recording medium storing the sequences, according to the present invention. 

[0338] Moreover, a useful mutatwn point in a useful mutant can be easily specified by searching & nucleotide se- 
quence (nucleotide sequence of promoters. ORF, or the like) relating to the thus identified protein using a recording 
medium storing the nucleotide sequence information and the amino acid sequence information, of the genome of 
coryneform bacteria of the present invention, and a recording medium storing the sequences and using a primer de- 

30 signed on the basis of the detected nucleotide sequence. As a result that the useful mutation point is specified, an 
industrially useful mutant having the useful mutation or other useful mutation derived therefrom can be easily bred. 
[0339] The present invention mW be explained in detail t>ek>w based on Examples. However, the present inventk>n 
is not limited thereto. 

35 Example 1 

DeterminatkHi of the full nucleotide sequence of genome of Corynebactehum gtutamicum 

[0340] The full nudeotkle sequence of the genonr>e of Corynebacterium gkjtamicvm was determined t>ased on the 
40 whole genome shotgun method {Science, 26^. 496-512 (1995)). In this method, a genome library was prepared and 
the terminal sequences were determined at random. Subsequently, these sequences were ligated on a computer to 
cover the full genome. Specifically, the following procedure was carried out 

(1) Preparatk>n of genome DNA of Corynebacterium gtutamicum KIOC 13032 

[0341 ] Corynebacterium giutamicum ATCC 1 3032 was cultured In BY medium (7 g/l meat extract. 1 0 gO peptone, 3 
g/l sodium chtoride, 5 g/l yeast extract. pH 7.2) containing 1 % of gtycine at 30»C ovemight and the cells were collected 
by centrifugation. After washing with STE buffer (10.3% sucrose. 25 mmol/1 Tris hydrochloride. 25 mmoW EDTA, pH 
8.0), the cells were suspended in 10 ml of STE buffer containing 10 mg/ml tysozyme. followed by gently shaking at 

so 37»C for 1 hour. Then, 2 ml of 1 0% SDS was added thereto to lyse the cells, and the resultant mixture was maintained 
at 65*C for 1 0 minutes and then cooled to room temperature. Then, 1 0 ml of Tris -neutralized phenol was added thereto, 
followed by gentiy shaking at room temperature for 30 minutes and centrifugation (1 5.000 x g, 20 minutes, 20*C) The 
aqueous layer was separated and subjected to extraction with phenol/chlorofomi and extraction with chloroform (twice) 
in the same manner To the aqueous layer. 3 mol/l sodium acetate solution (pH 5.2) and isopropanol were added at 

5S 1/10 times volume and twrce volume, respectively, followed by gently stimng to precipitate the genome DNA. The 
genome DfsIA was dissoh^ed again in 3 ml of TE buffer (1 0 mmol/1 Tris hydrochloride. 1 mmol/l EDTA, pH 8.0) containing 
0.02 mg/ml of RNase and maintained at 37*C for 45 minutes. The extractions with phenol, phenol/chloroform and 
chloroform were canled out successively in the same manner as the above. The genome DNA was subjected to iso- 
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propanol precipitation. The thus tofmed genome DNA precipitate was washed with 70% ethanol three tinries. foHowed 
by air-drying, and cfissolved in 1 ,26 ml of TE buffer to give a genome DNA solution (concentration: 0.1 mg^). 

(2) Construction of a shotgun library 

5 

[0342] TE buffer was added to 0.01 mg of the thus prepared genome DNA of Corynebactenum giutarnkxim ATCC 
13032 to give a total volume of 0.4 ml, and the mixture was treated with a sonicator (Yamato Powersonic Model 150) 
at an output of 20 continuously for 5 seconds to obtain fraynents of 1 to 10 kb. The genome fragments were blunt- 
ended using a DNA blunting Wt (manufactured by Takara Shu2o) and then fractionated by 6% polyacrytamide gel 

10 electrophoresis. Genome fragments of 1 to 2 kb were cut out from the gel, and 0.3 ml MG elution buffer (0.5 rTx>l/1 
amrrwnium acetate, 1 0 nvnol/l nnagnesium acetate. 1 mmol/1 EDTA. 0.1 % SDS) was added thereto, f oHowed by shaking 
at 37*C ovemight to elute Df^ The DNA ehjate was treated with phenol/chloroform, and then precipitated with ethanol 
to obtain a genome library insert. The total insert and 500 ng of pUC18 Smai^AP (manufactured by Amersham Phar- 
macia Biotech) were ligaled at 16*C for 40 hours. 

15 [0343] The ligatkjn product was precipitated with ethanol and dissolved in 0.01 ml of TE buffer. The ligation solution 
(0.001 ml) was introduced into 0.04 ml of £ co*' ELECTRO MAX DH10B (manufactured by Life Technotogies) by the 
electroporation under conditions according to the manufacture's instructions. The mixture was spread on LB plate 
medium (LB medium (1 0 g/1 bactotrypton, 5 g/1 yeast extract, 1 0 g/1 sodium chloride, pH 7.0) containing 1 .6% of agar) 
containing 0.1 mg/ml ampicillin, 0.1 mg/ml X-gal and 1 rrvnoUl isopropy1-p-D-thlogalactopyranoside (IPTG) and cultured 

so at 37*C ovemight 

[0344] The transformant obtained from colonies formed on the plate medium was statk>narily cultured in a 96-well 
titer plate having 0.05 ml of LB medium containing 0.1 mg/ml ampicillin at 37^C ovemight. Then, 0.05 ml of LB medium 
containing 20% glycerol was added thereto, followed by stirring to obtain a glycerol stock. 

2S (3) Construction of cosmid library 

[0345] About 0.1 mg of the genome DNA of Corynebacterium glutamicvm ATCC 1 3032 was partially digested with 
SauSAI (manufactured by Takara Shuzo) and then ultracentrtfuged (26.000 rpm, 18 hours, 20*C) under 10 to 40% 
sucrose density gradient obtained using 10% and 40% sucrose buffers (1 mol/I NaCI. 20 mmol/l Tris hydrochloride, 5 

90 mmol/1 EDTA, 1 0% or 40% sucrose, pH 8.0). After the centritugation, the solution thus separated was fractionated into 
tubes at 1 ml in each tube. After confirming the DNA fragment length of each fraction by agarose gel electrophoresis, 
a fraction containing a large amount of DNA fragment of about 40 kb was precipitated with ethanol. 
[0346] The DNA fragment was ligated to the BayriHI site of superCosI (manufactured by Stratagene) in accordance 
with the manufacture's instructions. The ligation product was incorporated into Escherichia coir XL- 1-BlueMR strain 

35 (manufactured by Stratagene) using Gigapack 111 Gold Packaging Extract (manufactured by Stratagene) in accordance 
with the manufacture's instructions. The Escherichia co// was spread on LB plate nriedium containing 0 1 mg/ml amp- 
k:illin and cultured therein at 37*C ovemight to isolate cotontes. The resulting colonies were stationarily cultured at 
37*C ovemight in a 96-well titer plate containing 0.05 ml of the LB medium containing 0.1 mg/ml ampicillin in each 
well. LB medium containing 20% glycerol (0.05 ml) was added thereto, followed by stirring to obtain a glycerol stock. 

(4) Determination of nucleotide sequence 

(4-1) Preparation of template 

t r [ •^^T^ Tl i u fu ll ii uu l LuUULUUiiuui i uuuf QU I j ii uUuu l u ii u ii iy^u l ujiHUu i iii i iTOO < 0 8 0Q ii umiuluim l iiuU i ii u ii i l j UuulUu i i 
the whole genome shotgun method. The tennplate used in the whole genome shotgun method was prepared by the 
PCR method using the liarary prepared in the above (2) 

[0348] Specifcally. the clone derived from the whole genome shotgun library was inoculated using a replicator (man- 
ufactured by GENETIX) into each well of a 96-well plate containing the LB medium containing C.1 mg/ml of ampicillin 

so at 0.08 ml per each well and then stationarily cultured at 37*C overnight. 

[0349] Next, the culturing solution was trartsported using a copy plate (manufactured by Tokken) into a 96-well re- 
action plate (manufactured l>y PE Biosystems) containing a PCR reaction solution (TaKaRa Ex Taq (manufactured by 
Takara Shuzo)) at 0.08 ml per each welt. Then, PCR was earned out in accordance with the protocol by Makino et al. 
{DNA Research, 5: 1 -9 (1998)) using GeneAmp PCR System 9700 (manufactured by PE Biosystems) to amplify the 

55 inserted fragment. 

[0350] The excessive primers and nucleotides were eliminated using a kit for purtfying a PCR production (manufac- 
tured by Amersham Pharmacia Biotech) and the residue was used as the template m the sequencing reaction. 
[0351] Some nucleotide sequences were determined using a double-stranded DNA plasmid as a template. 
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[0352] The double-stranded DNA plasmid as the tempiate was obtained by the following method. 
[0353] The done derived from the whole genome shotgun library was inoculated into a 24- or 96-wefl plate containing 
a 2x YT medium (16^ bactotrypton, 1 0 g/1 yeast extract. 5 g/1 sodium chlohde. pH 7.0) containing 0.05 mg^l ampiciBin 
at 1 ^ ml per each well and then cultured under shaking at 37*C ovemight. 
3 [0354] The double-stranded DNA plasmid was prepared from the culluring solution using an automatic plasmid pre- 
paring machine, KURABO PI-50 (manufactured by Kurabo Industries) or a multiscreen (manufactured by MifliporB) in 
accordarx:e with the protocol provided by the manufacturer 

[0355] To purify the double-stranded DNA plasmid using the multiscreen, Biomeic 2000 (manufactured by Beckman 
Coulter) or the like was emptoyed. 
10 [0356] The thus obtained double-stranded DNA plasmid was dissolved in water to give a concentratk>n of about 0, 1 
mg/ml and used as the template in sequencing. 

(4-2) Sequencing reaction 

IS [0357] To 6 mJ of a solutK>n of ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (manufactured 
by PE Biosystems), an M13 regular direction primer (M13-21) or an M13 reverse direction primer (M13REV) (DNA 
Research, 5: 1-9 (1998) and the template prepared in the above (4-1) (the PCR product or the plasmid) were added 
to give 10 of a sequencing reaction solutk>n. The primers and the templates were used in an amount of 1 .6 pmol 
and an amount of 50 to 200 ng. respectively. 

20 [0358] Dye terminator sequencing reaction of 45 cydes was earned out with GeneAmp PCR System 9700 (manu- 
factured by PE Biosystems) using the reaction solution. The cycle parameter was detemiined in accordemce with the 
manufacturer's instmctkjn accompanying ABI PRISM BigDye Tenninator Cyde Sequencing Ready Reaction Kit. The 
sample was purified using Multiscreen HV plate (manufactured by Millipore) according to the manufacture's instruc- 
tions. The thus purified reaction product was precipitated with ethanol, foltowed by drying, and then stored in the dark 

25 at -30»C. 

[0359] The dry reaction product was analyzed by ABI PRISM 377 DNA Sequencer and ABI PRISM 3700 DNA An- 
alyzer (both manufactured by PE Biosystems) each in accordance with the manufacture's insti^ions. 
[0360] The data of about 50,000 sequences in total (i.e. , about 42.000 sequences obtained using 377 DNA Sequenc- 
er and about B.OOO reactions obtained by 3700 DNA Analyser) were transfen-ed to a server (Alpha Server 4100: man- 
30 ufactured by COMPAQ) and stored. The data of these about 50.000 sequences corresponded to 6 times as much as 
the genome size. 

(5) Assembly 

35 [0361] AH operations were carried out on the basis of UNIX platform. The analytk:al data were output in Macintosh 
platform using X Window System. The base call was carried out using phred (The University of Washington). The 
vector sequence data was deleted using SPS Cross_Match (manufactured by Southwest Parallel Software). The as- 
sembly was carried out using SPS phrap (manufactured by Southwest Parallel Software; a high-speed versk>n of phrap 
(The University of Washington)). The contig obtained by the assembly was analyzed using a graphical editor, consed 

40 (The University of Washington). A series of the operations from the base call to the assembly were carried out simul- 
taneously using a script phredPhrap attached to consed. 

(6) Determinatk>n of nucleotide sequence in gap part 

41 [lEUfJJ tach cosmid in the cosmid Ibrary constructed in Ihe above was prepareo oy a memoa similar to me 
preparation of the double-stranded DNA plasmid described in the above (4-1). The nucleotide sequence at the end of 
the inserted fragment of the cosmid was determined by using ABI PRISM BigDye Terminator Cycie Sequencing Ready 
Reaction Kit (manufactured by PE Biosystems) according to the manufacture's instructions. 

[0363] About 800 cosmid clones were sequenced at both ends to search a nucleotide sequence in the contig derived 
so from the shotgun sequencing obtained in the above (5) coincident with the sequence. Thus, the linkage between re- 
spective cosmid clones and respective contigs were detenrnined and mutual alignment was carried out. Furthermore, 
the results were compared with the physical map of Corynebactehum glutamicum ATCC 13032 {Mol. Gen, Genet., 
252. 255-265 (1996) to carrying out mapping between the cosmids and the contigs 

[0364] The sequence in the region whk^h was not covered with the contigs was detennined by the following method. 
ss [0365] Clones containing sequences positk>ned at the ends of contigs were selected Among these clones, about 
1 ,000 clones wherein only one end of the inserted fragment had been determined were selected and the sequence at 
the opposite end of the inserted fragment was determined. A shotgun library clone or a cosmid ctone containing the 
sequences at the respective ends of the inserted fragment in two contigs was klentffied. the full nucleotkle sequence 
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of the inserted fragment of this done was determined, and thus the nucleotide sequence of tt>e gap part was detemuned. 
When no shotgun library done or cosmtd done covering the gap part was available, primecs complementary to the 
end sequences at the two contigs were prepared and the DNA fragment in the gap part was ampiried by PCR. Then, 
sequendng was pertomied by the primer waJking method using the amplified DNA fragment as a template or by the 
5 shotgun method in which the sequence of a shotgun done prepared from the amplified DNA fragment was determined. 
Thus, the nudeotide sequence of the domain was determined. 

[0366] In a region showing a low sequence precision, primers were synthesized using AUTOFINISH function and 
NAVIGATING function of consed (The University of Washington) and the sequence was determined by the primer 
walking method to improve the sequer>ce precision. The thus determined full nudeotide sequence of the genome of 
10 Corynebacterium gtutamicum ATCC 13032 strain is shown in SEQ ID NO:1 . 

(7) Identification of ORF and presumption of its function 

[0367] ORFs in the nudeotide sequence represented by SEQ ID NO:1 were identified according to the following 
IS method. First, the ORF regions were determined using software for identifying ORF, i.e.. Glimmer, GeneMarIc cmd 
GeneMar^c.hmm on UNIX platform according to the respective manual attached to the software. 
[0366] Based on the data thus obtained, ORFs in the nudeotide sequence represented by SEQ ID NO:1 were iden- 
tified. 

[0369] The putative function of an ORF was determined by searching the horDology of the identified amino add 
20 sequence of the ORF against an amino add database consisting of protein-encoding domains derived from Swiss- 
Prot, PIR or Genpept database constituted by protein encoding domains derived from GenBank database. Frame 
Search (manufactured by Compugen), or by searching the homotogy of the identified amino add sequence of the ORF 
against an amino acid database consisting of protein-encoding domains derived from Swiss-Prot, PIR or Genpept 
database constituted by protein er>coding domairts derived from GenBank database, BLAST The nudeotide sequences 
25 of the thus determined ORFs are shown in SEQ ID NOS:2 to 3501 . and the amino acid sequences encoded by these 
ORFs are shown in SEQ ID NOS:3502 to 7001 . 

[0370] In some cases of the sequence listings in the present invention, nucleotide sequences, such as TTG, TGT, 
GGT, and the like, other than ATG, are read as an initiating codon encoding Met. 

[0371] Also, the preferred nudeotide sequences are SEQ ID NOS:2 to 355 and 357 to 3501 . and the preferred amino 

30 add sequences are shown in SEQ ID NOS:3502 to 3855 and 3857 to 7001 

[0372] Table 1 shows the registration numbers in the above-described databases of sequences which were judged 
as having the highest homology with the nudeotide sequences of the ORFs as the results of the homology search in 
the amino add sequerx:^ using the homoiogy-searching software Frame Search (manufactured by Compugen), 
names of the genes of these sequertces. the functions of the genes, and the matched length, identities and analogies 

35 compared with publcfy known amino add translation sequences. Moreover, the con^esponding positions were con- 
firmed via the alignment of the nucleotide sequence of an arbitrary ORF with the nucleotide sequence of SEQ ID NO: 
1 . Also, the positions of nudeotide sequences other than the ORFs (for example, ribosomal RNA genes, transfer RNA 
genes, IS sequences, and the like) on the genome were determined. 

[0373] Fig. 1 shows the positions of typical genes of the Corynebacterium glutamicum ATCC 1 3032 on the genome. 
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'uagx iioi 01 8 ^ pajnpBinuBUj) io\ NV3n03N35 Suisn payund puB papejpca puB 'sisajogdaipaia |a6 asojB6B 01 oz 

gfgff^nf ?f m CTPW^ HHri Bymnffj ?y i »? rftyjyd ?m fi f¥y)<^ gwi flnn^soN ni m?i /S9 saouanbas 

8pi)08|onu am SuiABg syfgQ am *8ua6>MZ pa^B^uJ ^g) u| las jaujud agi sb pasn aj8M ZOOZ pue 900Z-SON Gl OBS 
Aq paiuasajdaj saouanbas aptjoapnu am BuMsg sy^g agi '8ua6^s^ paismuj em u| *(eue6BiBLi)s Aq pejnpBmuBuj) 
esBieujAfod yNQ oqjru n|d gjiM mo peiuBO sbm uod 'eiefduieiB sb y^Q (Bujosouxugo em Buisn 79 oiibs 10 pogiauj 
eAoqe em o) Buipjoooe uieiis ^ 6utonpojd-eu|sA| em U104 pejedajd sbm yNQ |Bux>soujajgo 'AieiBJBdes UgcO] 9% 
*te '|OA 'pei8J)sniii juaujuadxB oig) (3)3 afdorex^ ui paquosap pomeui 6uiuop yx am 01 Buipjoooe '0CS3O<^ *iuaujeae|d 
-aj eue6 JO| piuiSBfd b oiui peuasui puB '^od ^ pagjidujB ajaM sjuiod uogBmui 6uiABg /mz puB [O6CQ] 

'MOfaq paquosap sb paonpojd ajaM/MZ puB patamui agi SuiABg uiauiaoB|daj 
aue6 jO| spiuiSBtd te)3 aidoiexg aAoqB am ui pajBdajd ajaM eue6 paiBmtu em SuiAsg *8SV^Adod *|uaujeoe|d 
-aj eue6 jo| piuisB|d em puB eue6 uiex/ peiemuj em fiutAeg 'esujogod ')ueui80B|dej eue6 JOj p|uisB|d egx [6860] Oi 

eue6 peiBmuj SuiABg }ueujeoB|dej eue6 io\ pfUJSB|d \q uoiprtasuoQ (Z) 

MOjaq uMogs pomeuj em 01 

6u93JOooe mo patuBO sbm uiblqs SupnpoJd-auisAj juBViodoi A|(BU)snpu| ub jo 6utpaQSuoo jo^ puB ufBLQS adAi pi)M am s 
UI suoQemiu V em emuisuooej 01 6uipeejg euisAi \o uogonpojd em o} 6uiiB|aj suoiiBmuj eAipeua sb paypeds ajOM 
yita \M 'JUiCt^Bfy 'uo^iemui e puvs^ ui 'JOS9S^d 'uofiemuj b ui 'eiiuCim 'uociBmuj b 'ujoc/ uf 'B|yi69I^A 
'uoiiemuj e 'esem Buouiy *ufB4S 9^ em |0 euiosoujojtp em uf peiBinumooe siuiod uogemui Aubuj A^epi o} pezAieuB 
puB 01 rsON Gt OBS fA peiuesaudej eujoue6 ufBus ecoci OOlV em |o seouenbes epiioepnu 6u|puodseijoo 
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19 oiiBS P poqiouj eia Aq geoc L DOIV uinoMJUBinf6 ujnua^eqauAjoo ux>Ji pajedexl seM VNQ iBUJosouiOJMO [^0M)1 

Abjjgojoilu VNQ io uoipnpojd (0 

pagojeas ajaM 6uLiniino 6uunp aainos uoqjbo em uo Guipuadap paienpnii st uoissojd 
-xa ip!MM |o saua6 pue 'ajeM^os 6uisn z£0£l QOXV mnoiuimnfi iunu9i3RqauKM>o saouanbas apiioapnu (jn^ agi 
ux>j| paonpap juo \9 uoiieuuoiui aouanbas apiioapnu am uo paseq paonpaid sbm Abubojoiuj vnQ V ICOMd 

jodJdiD asn pua Xaiieojotuj vnq |o uoiionpoicj 

^ aidoiexg 

uoiiuaAUj luasajd am uj oxuxx isji) am JO| puno^ sbm ssauaAipajia s;i pue 'uoiiuaAui luasajd 
am ui paso|3sip auioua6 am uoijeuuo^ui aouanbas apiioaionu agi 6u!sn }f\o pauiBO Aiiuaioij^a si qofMM goeojdde ue 
SI uoiiemoi aAipaua am fiuomiisuooaj Aq uiejis uoosnpojd am sammsuooaj moimm A6o|opomauj sjin suiejis snoaSei 
•UBApe Aiieuisnpui duumboa pua sjueinuj leuoiiuaAuoo am ui suiaiqojd am 6uij8utuj|a JO| aAipe^a pom^uj Sujpaajq 
laAou e sapiAOid uopudAUj luasajd aqj 'uiej;s 6upnpojd-au|sAj am io uojprmsuooaj am u! paiai;suouiap sy [ZOM] 

uicms ^ZdV am uo uiBJis adAi piiM am Aq passassod Anuajaqui Aii|iqeidepe 
ainiejaduia) l|6!m am 6uaoauaj Aq paAaigoe aq ueo sajniejaduiai 1461(4 \b uotaejuauua^ aujsAi aqx inpsn A({aLUsnpu| s| }\ 
pue peonpaj A|)eaj6 si 6u!|ooo \o peoi am lem os o*0^ )o ajniejaduiai vfi\M e le UfeJis ^-ZdV ^m Guisn mo petueo aq 
ueo uoi)e}uauuaj aujsAi seajaqM 'ino paiueo aq louueo uoiieiuauiiai auisA| jem os 0^t^ Suipaaoxa sajruejaduiai )e 
pajaMot dje AiiAijonpojd auisAi am pue mMoj6 am 'uoijoafas pue uoiieinui ujopuej 6uueadaj Aq papoiisuoo uiejis g 
6uionpojd-au!sA| pajq pue paiemui am ut pauraiqo ajaM o«Z€ VB asom 01 aiqejedum o«0^iO ajniejaduiai 146114 e 
)e 6uunun3 ui AiiAipnpojd pue jam apuomoojpAu auisAj am > aiqex ui UMoqs sijnsaj am Luojj luajedde sj sy IVQPOi 
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(Ma/6) AiiAponpoJd 


(1/6) apuofqdojpAM auisAi-l 


(0 J ajruejaduiax 



> aiqej. uj uMogs aje s^^nsaj aqj. lOOPd 
'OmOV 01 pa6ueMO sbm ajniejadujai 

euunyno am jem idaoxa ' (c)2 aiduiexg u; se jauueoi aiires am ui jaiuauua^ jef | g e ui ise\ 6uLini|n3 aq) o\ paioafqns seM 
'U(ej)s adAi p|iM am o^ut suof^e^nuj dAipajja ^ 6upnpojiu! Aq papm^suoaaj uaaq peg MotqM 'uieLqs ^ZdV [66GO] 

ajruRiaduiai 146114 le uiejis ^ZdV Aq uoqeiuauiia^ aujsAi (/) 

^Q^npu^inniM^fq^^aG^ 
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OS 



uojpeias pue uoiieinuj ujopuej am uo paseq pajq uaaq seg qoiqM uieiis g-g lueviuj 6uionpQjd-auisA| am aoujs [86GQ] 
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(140/6) AuAqonpaid 


(1/6) apMO|goQjpAi4 au!sA>i 


UfBJlS 



eaiqex 

siinsaj am SMoqs c aiqex [Z6GQ] 
(G)2 afduiexa )0 pomouj aqi miM aouepjoooe ui jaiuauxiai 
JBf I S e UI )sai ajniiRO e o) papafqns ajaM aAoqe pauieiqo suib4S ^ZdV pue G*dHV '?-OHV ' l-OH ^gj. [96CQ] 

suiBJis WdV PUB e-dHV *2<IHV • l-QH uo )S8i uoipnpaid euisAi (9) 

'auafi oAd pue aud6 'aua6 ujoc/ pamnuj am 01 uocjippe ui aua6/Aiz pajeinui am 6uiAeg luemuj 
lUfod jnoj e seM ^Zd V pauieu seM goigM uiejis agi leg} pauuyuoo seM 11 'jauueui lensn am ui pauiuiia^ap sbm pnpojd 
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'au96 uiqo)6 iiqqBJ aM) |0 aoudnbas aptiospnu aip BuiAeg VNQ |0 uoqBoy(|d 
-are aia pasn ajoM 690Z pue SSOZ SON CI 03S ^ paiuasajdaj aouanbas apiioapnu aia Guiabm svnQ [OGMI 
pue 76^:ON 01 03S peiuesaidaj aouanbes apiioapnu ein 6uiAeg VNG ^ta |0 uoiieoyiid 
Hxre am jo| pasn ajoM /90Z pue 990Z SON 01 03S ^ paiuasajdaj aouanbas apiioapnu aiu 6uia8m svnO [GZMI ff^ 

'96^ ON 01 03S paiuasajdaj aouanbas api^oapnu am SuiAeg VNG lo uopeogiid 
-ure om J0| past! ajaM 990Z pue ^OZ SON Gl OBS ^ paiuasajdaj aouanbas apuoapnu aq^ BuiafiTsvnG lOZPOl 

>6^ ON 01 Oas ^ paiuesaidaj aouanbas apnoepnu am 6uia8M vNQ ^Ml |0 uogeoijiid 
hub am jo| pasn ajaM e90Z puB Z90Z SON 01 03S ^ paiuasajdaj aouanbas apiioapnu am 6uiahm svnQ LzzVO] 

'68^: ON 01 03S ^ paiuasajdaj aouanbas apiioapnu am 6uiabm VNQ ®Ml |0 uogBOijitd 
-uie am -toi pasn ajaM tgoz PUB OSOZ'SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am Suiabm svnQ l9ZMd 

*89K) ON 01 OBS paiuasaidaj aouanbas apiioapnu am 6uiABg VNO ^Ml |0 uopeoyi|d 
-uiB am JO| pasn ajaM pue 8tK)Z SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am 6uiabi| svnO ISZViil 

'98Ve ON 01 OBS paiuasajdaj aouanbas apfioapnu am 6uiabl| vnG ^m io uoiieoyiid 
-ujB am pasn ajaM ipol pue 9tOZ'SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am Guiabm svnQ IpZPOI 9p 

'IIVZ OH 01 OBS paiuasajdaj aouanbas apiioapnu am Suiabm VNQ ^M) \o uojieoyiid 
-UIB am JOj pasn ajaM 9^/ puB ^tOZ SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am 6uiabi| svnO ItZtiA 

'9Z^ ON 01 OBS paiuasajdaj aouanbas apiioapnu am Guiabm vnG ®Ml lo uopBoijiid 
-UIB am pasn ajaM eK)Z Pue 2^z SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am 6uiabm svng IZZWl 

'ZZVZOH 01 OBS paiuasajdaj aouanbas apiioapnu am Buiabm VNO ®Ml *o uocieoyiid 
HUB am ^oi pasn ajaM ttrOZ PUB o^Z SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am Guiabm svnG l\ZWi 

'0Z^:ON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am BuiAsq VNG ^Ml )o uopeoyiid 
HUB am Jo^ pasn ajaM 6G0Z pua eeoZ-SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Suiabm svnG Ioz^ 

*CVZ t ON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am 6uiabm VNG am |0 uoaaoyiid 
HUB am Joi pasn ajaM zeoz puB gcoz SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am SuiAeq svNO 16 IM] se 

'9S^ ON 01 OBS ^q paiuasajdaj aouanbas apiioapnu am 6uiabm vNG ^Ml \o uoiieoyiid 
HUB am JOi pasn ajaM seoz puB t>^Z SON 01 OBS paiuasajdaj aouanbas apiioapnu am 6uiabl| svng [9l>0] 

'CS^ ON 01 OBS ^q paiuasajdaj aouenbas apiioapnu am Buiabm VNG am P uoiiBOimd 
HJUB am pasn bjbm eeoz P^b eeoz SON Ol OBS ^ paiuassjdaj aouanbas apiioapnu am SuiABg svNG iLVWl 

' LSt^ ON 01 OBS paiuasajdaj aouanbas apiioapnu am Buiabm vnG 10 uoiiaoij(|d oe 
HUB am JO} pasn ajaM leoi pue OCOZ-SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am BufAeq svNG ISlPOl 

'OttC^ON Gl OBS paiuasajdaj aouanbas apfioapnu am Buiabm VNG i9 uofieoytid 
HUB am pasn bjom SZOI pua seoZ-SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Bu|ABM svNG [Sltol 

'6^1 ON 01 OBS ^q paiuasajdaj aouanbas apiioapnu am Buiabm VNO 1^ uotiBOiji|d 
HUB am J0| pasn ajdM ZZOZ puB 9e0Z-SON Ol OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm svnO I^I-KI] 

'9^ I -ON 01 OBS ^q paiuasajdaj aouanbas apiioapnu aMl Buiabm VNO ®Ml io uonBoyild 
HUB am pasn ajaM szoi puB ^^OZ-SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu bmi Buiabm ^NG [CIM)] 

'S^tC^ON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm VNG am P uoiiBoijiid 
HUB am JO} pasn ajaM ezoz pua Z^OZ^SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm svnG IZlPOi 

'99Z:ON Gl OBS ^ paiuasajdaj aouanbas apfioapnu am Buiabm VNG 10 uoReoyiid og 
HUB am JO| pasn ajaM izoi P"a QgOZ'SON Gl DB S ^ paiuasajdaj aouanbas a piioapnu am Buiabm sVNG Ih>»01 

6€*€*ON 01 OBS Aq panjaSj3a75uanBas apiioapnu am Buiabm VNO ^Ml 10 uoaB5!j!i^"~ 
HUB am JO} pasn auaM SiOl puB SIOZ-SON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm ^NG loito] 

*9€^'ON 01 OBS ^ paiuasajdaj aouanbas apfioapnu am Buiabm VNG ®m |o uopBoi}i(d 
HUB am JO| pasn ajaM / loi puB 9 toZ'SON 01 OBS ^ paiuasajdaj aouanbas apfioapnu am Buuvbm svnG [60^ s$ 

' iSZ^OH Gl OBS paiuasajdaj aouanbas apiioapnu am Buiabm VNG ^Ml lo uogaoyiid 
HUB am JO} pasn ajaM stOZ puB ^toZ-SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm svNG [SOMJ 

*eet^*ON Gl OBS ^ paiuasajdaj aouanbas apQoapnu am Buiabm VNG ^Ml |o uoiieoyiid 
HUB am JO} pasn ajaM ei.o/ pus 3i.0Z'SON Gl OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm svnG Lzottd 

'ZO^^ON 01 OBS ^ paiuasajdaj aouanbas apiioapnu am Buiabm VNG }0 uoiiBoi} oi 
-lldujB am JO} pasn ajaM i loi puB 0 LOZ SON Gl OBS ^ paiuasajdaj aouanbas apaoapnu am Buiabm svnG [90^ 

'tiOd 9M) JO} pasn ajaujud VNG 06110 am sv ISOfOl 

-jauuBui iBnsn 

9 u| pazfsamu^ sJOM sauaB am 19 saouanbas apaoapnu am BuiiafijBi 6S0Z oi OtOZ'SON Gl OBS ^ paiuasajdaj 
uogeoi}nduje uod JO} sjaujud VNG o6i|o 'pjBpuBis fBUjaiui ub sb pasn (S8800A on uoisseoov ^uaguao) auaB u|qo|6 e 
Ifpqej }o aouanbas apaoapnu am puB bjbmuos Bursn Z£OZ i OQiv ujnomimtnfi ujnumDeQOuAjoo }0 aouanbas apiio 
•«pnu auiouaB |n} am UJQJ} paonpep i eiqai ui umoms sjuO ©Ml pua '96« *P6Pt *69P£ *S8VG 'LLP£ 

'9zr€ *zeiz 'oiPt *zpii 'sspt 'cs»ds*€ sm: '6221 9221. '9w; 'ssz 'sew: 'scvt 'vsz 'tsp£ 'ioz soh gi obs 

Aq paiuasajdaj saouanbas apqoapnu am Buiabm sauaB uo pasag *((C96I.) 619 ;2:Z 'KPK 'sufgdoig tuot^POfg ) -fa 
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ON ai oas 



soiiej sAo/£/^ em pue pjepueis ictuaiu! am se pasn u!qo|6 ;{qqej am jo 
BjBp am P sjseq am uo pajoauoo uaaq Buiabm saua6 am lo saijjsuaiui gAo puB gAo ©m a*M>M9 g aiqei [S€M] 

(soiuoainn iSD Aq pajnpeinuBUj) ooo^ Abuvubos euisn 
pajnsBaiu sbm yxiMajam pazipuqAq VNQ^ juaosajonu aqi Ouiabm Abujb vnQ junoujB aouaosajonu am [frCWl os 

stsA^BUB aouaosojonij (^) 

0«92 )B ino pauiBO sbm 6umsBM am pue *o«09 
IB mo paujBo SBM uofiBzipuqAq aqi suoijomisu! s.ajnioBjnuBUJ am oi Suipjoooo (suoijnios Ofuwuao Aq pajnpBjn ^ 
-UBUj) uotjBJS uoiiBzipuqAH OVl^uao 6u|sn ssBf6 apijs 40 6umsBM juanbasqns agipuB uoijBZipuqAM ojpajoafqns puB 
paxiui ajaM (|t1 0 0 uoiinjos VNQ^ paiaqBi^ouaosajonu aq) puB (uotqujv Aq pajmoB^uBUj) (jrl 0 u) Q^H^MH [CG^ 

uoijBZipuqAH (e) 

•pi 0 1 *o aainiOA b aAi6 04 suoipnjjsui s.ajfuaeinuBtu am ox 6u}pjoooB (N30VI0 Aq pajnpejn 
-UBUJ) uoiiBOiiund y od ua6Bio Buisn paiiund puB paxiuj ajdM 6uttdqe| am jauB suoiinios VNCP omi em sainujuj 
OV 0.99 JB PUBIS oi paMOHB puB 'uoimios sas %0l |0 |ii O C puB uoqnios via3 l/|Ouiuj oZ-ePfXQjpAq lunipos 
l/iouj I. JO rrl g I. BuippB Aq pajsaBip sbm vnH ^MJ uoiiobbj GuiiaqBf aoueosajonu aqi Jawv AiaAiioedsej *cLLnP-€Ao 
puB d-LTlP-sAo miM paiaqci qjbm ajBjaoB uiniuooiure 6uisn s||ao am povxJiX9 VNU »m puB aajnos uoqjBO am se 
SB asoon|6 6uisn siiao am ujoj| paioBjpca VNd ^UX sajnuitu 0 U Joj o.2t^ Jb uaq; puB sainuim 0 1. JOj o«S2 IB puBjs 01 
peMOiiB puB 'pappB ajaM n jduosjadns |0 frt g pue (n3N Aq pajnjoB^nuBUj) dlTIP-eAo JO dlTIP-sAo io 1"^ 9" I. '(dllP I 
/loiuui 01 'dXQP 1/loujiu 92 'dXOP l/louiUJ 92 dXVP I/IOujuj 92) SdXNP 1^ 9" I 'IXQ \AOiu l o jo itI e (saieoiouMoeia^n 
Aq pajruoB^uBUj) \\ jduosjadns 01 paipBUB jaunq B io pi 9 *uoiin|OS Buiiinsaj am 01 aof uo BuiMouanb Aq p8M0t|0| 
•sainuiai 0 1 JO| o*99 IB BuunjBuap jo| pappB ajaM (oznqs bjbi|bi Aq pajn)OB|nuBUi 'tr\/6u 009) Jaujud jauj 9 uJopuBJ 8 oe 
|0 |t1 I. puB (sai6o|ouMoai a|in Aq pajnjoBjnuBuj '|Tly6u 09) VNd^u uiqoffi jiqqBJ |o |7l 9 0 'VNU IBIoi BuiJinsaj aq) jo 6t1 
0€ Pi suaprmsuj s.ajnjoBinuBUJ aqj oj BuipjoooB (N30VI0 Aq pajnpBinuBUj) }j[^iMm AsBaNW uaBBio Sujsn pai^Jnd 
jaq^ini uam pus sajnurtu oe JO| IB (oznqs bjb5<bi Aq pajnpBjnuBUj) lasBUQ qjiM paiBejj sbm VNb ©m 'VNQ MJI** 
uoiiBUiuiBjuoo piOAB oj, ((266 i) SZZ'l i^ V 'Adofoqojoi^ JBinoa/o^ ) uuBUUog jo poqiauj aqi o| BuipjoooB s||eo 
Buiiinsaj aqj ujqj^ pajBdajd sbm vnW IBJOJ 'sajnuriu o V JOj ludj 000'9 PUB o.V IB Buifinjujuao Aq pajBdajd ajaM s^ao sz 
aq; jauv 099 IB aouBqjosqB o* I. ©'MB oi .Oe IB 5(SBti jaAujuaps ub u| pajnuna puB 'ajBiaoB ujniuooiujB |/|oujuj 
002 JO 8soon|6 |/|Ouiuj ou Suiureiuoo (9*9 01 Hd sji BuiisnfpB puB 'jaiBM |o jam |. ox unoiq Buj 2 0 P"» '©IBjins jeddoo 
Bui z'Q 'ajajpAMBidaM aiBuns ouiz |o Buj t 'aiBjpAqBidaq aiBjins snoxiai p Buj 0 1 'eiBjpAqououj aiB^jns asauefiuBUj 40 
Buj 01. 'aiBjpAqip apuoiqo ujnio^BO 40 Buj ot 'aiBjpAqBidaq aiB^jns ujnisauBBUi 40 B 92*0 'pfoe ofuOjinsauBdoidounoMd 
-jouj \o B 6*02 'aiBMdsoMduaBojpAqououj ujnjssBiodjp 40 B 9 0 'aiBMdsogduaBojpAmp uintssBiodououj 40 6 9*0 'Bejn a? 
ju B I, 'B iBH i iJ oj iii uuujujL ju 0 a OuiMM" i <q y<»B^ai^<«wpa<i<H'wp<*''»^**'***'!Mi>*< ■ i« i O "m ! pun i mn iii lai nin j CT M 
uiBJis pajniino am *uaqx jqBiujaAO o«0€ IB pajn)ino puB ainipauj pmbii 1° 9 o\u\ paiBinooui jamini sbm ujBJjs 
pairmno aqi 'uam sAap z J04 o«0G IB pajnjino puB (zi o\ nd sy ButjsnfpB puB jbibm 40 jam 1. ui ox (0041a Aq pajni 
-oepuBUi) jBBBopeg 40 B 91. pus '(0041a Aq pajn}oe4nuBUj) pajixa iSBaA 40 B 9 '(iBOfinaoBuuBqd oui)ioA>4 Aq pajnpB4n 
-ueui) auoKlad 40 6 02 BuippB Aq paJBdajd uinipauj) ujrapauj jbBb aS uo pBOids sbm uibjis scoe I. OOlV Bqi [2CM1 si 

VNCP PBiaqBi oouaosajonu 40 stsaiauAs (2) 

-suoporuisu! s,ajrQaB4nuBUJ aqi 01 Buipjoa^B ( qen soiuojjoaia v JasBi uoddiN Aq pajni3B4nuBiu) W3J.SAS 
SSVWiO fiuisn sum 2 U! Buijboo svw Buiabm (ssbiq rujBunsjBi^ Aq pajnpB4nuBUj) aiB|d ssb|B apus b uo pauods 01 
SBM pnpojd yod MOB3 rrt/6u 002 |0 uouHjjuaouoo b 01 pajsnfpB puB jOUBma q4|M j| BuiiBjidpajd Aq pajBijuoouoo 
S8M pnpojd yod P«iMnd aqi (N3DVIO Aq pajnioB4nuBuj) uoipeJDg |09 ip?nbviO 6"!«n pauund puB pepBjjxe 
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